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HIS meeting marks the fortieth anniversary of the founding of The Amer- 

ican Association for Thoracic Surgery. During the existence of the Associa- 
tion, the advancements which have been made in thoracic surgery have been 
truly astounding. The progress in this field which was envisioned by our found- 
ers has far exceeded their fondest hopes and most vivid dreams. Such is the 
fascination of the ever-changing realm of medicine. On this occasion I should 
like to present some observations on congenital esophageal atresias and tracheo- 
esophageal fistulas, a subject which has been of particular interest to me for a 
number of years. Since a complete presentation of all aspects of the subject 
would require more than a judicious amount of time, my remarks will of neces- 
sity be limited to certain selected observations which I hope will be of interest 
to you. 

The development of a satisfactory approach to the correction of congenital 
atresia of the esophagus provides a stimulating example of a quest for the 
solution to a baffling problem. The pioneering efforts of many surgeons work- 
ing in this field established the groundwork for the satisfactory correction of 
the anomaly. Credit for their efforts should be generously paid to a list of 
names too long to be given in full; I should especially like to pay tribute, how- 
ever, to H. M. Richter, N. Logan Leven, W. E. Ladd; and to Thomas H. Lanman 
and Robert Shaw, the latter two being the first active proponents of the prin- 
ciple of esophageal anastomosis for the correction of atresia. 

In the literature, and even more so in hospital vernacular, the term tracheo- 
esophageal fistula, or T.E.F., is often loosely used to cover an esophageal atresia 
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which is not accompanied by any connection with the trachea. This terminology 
appears to me to be inaccurate and misleading. Although a tracheoesophageal 
fistula is usually present along with esophageal atresia, the atresia may be 
present alone. Conversely, there may be a fistulous tract between the trachea 
and an otherwise normal esophagus. Our terminology should designate these 
conditions accurately. We should recognize three categories: (1) esophageal 
atresia accompanied by tracheoesophageal fistula, (2) esophageal atresia with- 
out tracheoesophageal fistula, and (3) tracheoesophageal fistula without eso- 
phageal atresia. In this paper the term ‘‘esophageal atresia’’ will be used to 
include atresias which may or may not be accompanied by a tracheoesophageal 
fistula. Conversely, the term ‘‘tracheoesophageal fistula’’ will be used to desig- 
nate those cases where there is a fistula between the trachea and an otherwise 
normal esophagus. 

The earliest description of esophageal atresia was presented by William 
Durston,! in 1670. In some writings, this ease has been referred to erroneously 
as one of esophageal atresia with tracheoesophageal fistula. In this case, how- 
ever, a simple atresia, in which there was no associated tracheoesophageal fistula, 
was found in the right component of conjoined twins. It was published in 
volume V of the Philosophical Transactions of the Royal Society, under the 
title of ‘‘A Narrative of a Monstrous Birth in Plymouth, Octob. 22, 1670; to- 
gether with the Anatomical Observations, taken thereupon by William Durston, 
Doctor in Physick, and communicated to Dr. Tim. Clerk.’’ Reference to this 
unusual ease is often found in the literature; but since I have not found it 
reproduced in any writings to date, a facsimile of the twins is shown in Fig. 
1, A. The type of anomaly is illustrated in Fig. 1, B. 

Durston’s case represents one instance in which history has not as yet re- 
peated itself, although a somewhat similar case is to be found in the 8 mm. 
embryo of the monster type described by Ysander* slightly more than 250 
years later. This embryo, of the type thoraecopagus tetrabrachius, had but one 
stomach and one heart anlage, while the esophagus and respiratory apparatus 
were duplicated identically. Each ‘‘embryo’’ presented a typical esophageal 
atresia with tracheoesophageal fistula. It is believed by Rosenthal*® to be the 
youngest known embryo showing such an anomaly. 

The first description of a case of esophageal atresia with the typical form 
of tracheoesophageal fistula is the frequently cited case of Thomas Gibson,‘ 
Physician General to the British army, and husband of Anne, the youngest 
daughter of Richard Cromwell.* Gibson was the author of The Anatomy of 
Humane Bodies Epitomized, a work very popular in its day and published in 
at least seven editions. Appearing for the first time in the fifth edition, in 1697, 
is his classical ease of esophageal atresia with tracheoesophageal fistula. It was 
presented not only because it represented a previously undescribed case of eso- 
phageal atresia with associated tracheoesophageal fistula, but also as evidence 
to support the then eurrently accepted opinion that the fetus receives nourish- 
ment by the mouth in the latter months of gestation. Gibson’s case has been 
reproduced verbatim in the articles by Plass® and Ferguson.’ 
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During the eighteenth century, no reports of congenital atresia of the 
esophagus were found in the comprehensive review of the literature by Plass. 
Only a few cases were reported in the first part of the nineteenth century. 
In 1861, Hirschsprung* collected 10 cases of the anomaly and added 4 cases 
which had come under his own notice. In 1880, Mackenzie’ collected 37 cases 
of esophageal atresia, with a tracheoesophageal fistula in 34 cases, and a broncho- 
esophageal fistula in 3. By 1919, Plass had been able to verify the reports 
of 136 eases; he also found an additional 13 cases referred to by various authors, 
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A. B. 


Fig. 1.—A, Durston’s case in which an esophageal atresia without a tracheoesophageal 
fistula was found in the right component of a conjoined twin. (Courtesy of University of 
Michigan Library.) 

B, A current diagrammatic representation of the type of anomaly described by Durston. 


but he was unable to verify the references. Rosenthal,* in 1931, was able to 
collect 255 eases, including 8 in which he described the post-mortem findings. 
Thus, it became evident that the anomaly is not a rare one. 


ETIOLOGY 

The etiology of congenital atresia of the esophagus is still not completely 
understood. The factors that have been mentioned as possible contributing 
causes most frequently implicate systemic diseases of the mother, abnormalities 
of the placenta, and inherited tendencies. Gruenwald’® has presented a com- 
plete review of the many causes of abnormal developments that may occur in 
ihe embryo, and Ingalls and Prindle’t have given special attention to the 
‘pidemiologic and teratologic factors in the genesis of esophageal atresia. 
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Among the maternal factors are systemic disease of the mother, including virus 
infections and vitamin deficiencies, as well as unusual emotional situations. 
Loeal factors such as mechanical trauma and diseases of the uterus and placenta 
require further clarification since, conceivably, they could play a part in the 
causation of the anomaly. In experimental studies, Warkany, Roth, and Wilson” 
have been able to produce multiple congenital malformations in rats by means 
of a vitamin A deficient diet in the mothers, the most frequent anomaly being 
abnormal eyes. They cite the experiences of others working in this field and 
employing various vitamin deficient diets in different animals with the produc- 
tion of varying types of congenital malformations. In their study of the fre- 
queney of various anomalies in 50 offspring with abnormal] eyes, Warkany, Roth, 
and Wilson found only one instance of tracheoesophageal fistula. They also 
state that nutritional deficiencies of the fetus can be caused not only by dietary 
deficiencies of the mother, but also by maternal or placental diseases. 

By careful questioning of the parents of the patients in the series of 
eases observed at the University Hospital, we have not been able to discover 
any significant clues regarding the etiology of the anomaly. The parents of 
our patients reflect a wide divergence in economic and social levels, the fathers 
of some of the patients having been physicians and edueators, and the fathers 
of others having been migratory laborers. Nor have we been able to elicit a 
history of acute infection in the mother at the presumed time of the first ap- 
pearance of the anomaly in utero. In particular, we have learned of no in- 
stance of rubella in the mother during the early weeks of gestation. 


EMBRYOLOGY 


The embryology of esophageal atresia with or without tracheoesophageal 
fistula is likewise not yet fully understood. It is clear from what is known of 
the normal development of the region that such anomalies must originate 
between the end of the third week and the sixth week, fertilization age. In 
terms of size this would mean the defects were established in embryos be- 
tween 3.5 mm. and 8 mm. Embryologists have differed in opinion regarding 
the exact nature of the critical disturbances involved. Those whom I have 
consulted, namely, Drs. Bradley M. Patten and Alexander Barry, feel that 
until more developmental stages are recovered and critically studied, we are 
in no position to be dogmatie about the precise sequence of events by which 
these anomalies are established. 

Further complicating the explanations concerning the mode of development 
of the anomaly is the observation of Keith and Spicer? who, in 1906, de- 
scribed 3 eases of esophageal atresia with tracheoesophageal fistula in which 
the subclavian artery crossed the midline in the cleft between the upper and 
lower segments of the esophagus. In 2 cases the aberrant artery was the left 
subclavian, arising from a right aortic arch; and in one ease, the right subclavian, 
arising from a left aortic arch. The presence of similar vascular anomalies 
has been observed by Saunders and Wright,’* Fluss and Poppen,® and Lang- 
man.?® 17 Langman also observed 2 cases in which a fibrous band (the thick- 
nesses being 1 em. and 3 mm., respectively) arose from a normal aorta below 
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the left subelavian artery and crossed the midline at the level of the anomaly. 
In another case, one with a right aortic arch and no trace of the left sub- 
clavian artery, he noted a very thick, strong muscular cord arising immediately 
distal to the origin of the right subclavian artery and extending behind the 
esophagus to the point where the left subclavian artery should have been 
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Fig. 2.—Aberrant right subclavian artery crossing the midline in the space between the 
upper and lower segments of the esophagus (M. B., Case 71). 
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Fig 3.—Right aortic arch situated at the level of the esophageal atresia (D. G., Case 66). 
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found. Langman has postulated that if no trace of the primitive right aorta 
is found, as is often the ease, this does not mean that the vessel was obliterated 
‘‘in time’’; but rather that it might have persisted a few weeks too long, and 
during that time caused the atresia and the tracheoesophageal fistula. 

An anomalous right subelavian artery arising as the last branch of a left 
aortic arch was observed in our first operation for esophageal atresia in 1939. 
Sinee then the possibility of the presence of an anomalous vessel has been in- 
vestigated in all eases. Although we have observed vascular anomalies such as 
an aberrant right subelavian artery (Fig. 2), a right aortie arch (Fig. 3), or 
a vaseular ring in approximately 10 per cent of our eases, we have found a 
band of tissue such as has been deseribed by Langman in only one patient. 
In view of the relative frequency of vascular anomalies alone, as compared 
with the combination of vascular anomalies and esophageal atresia, it is im- 
probable that aberrant vessels play an important role in the formation of con- 
genital anomalies of the esophagus. 

INCIDENCE 

Considerable variation in the incidence of atresia of the esophagus is 
to be found in articles which refer to its frequency (Table I). Comparable 
variations in incidence have been found in my personal observations of patients 
born in Washtenaw County, Michigan, in the interval between Jan. 1,- 1935, 
and Dee. 1, 1956, when these cases are studied in any given 5-year period. Thus, 
the incidence varied from a high of 1-1,469 in the years 1935-1939 inelusive, 
to a low of 1-15,432 in the years 1945-1949 inelusive, the average incidence 
being 1-4,447. These observations suggest that any series of cases which does 
not include a sufficiently large number of births does not give a true figure 
of the approximate incidence of the anomaly. 


TABLE I. CONGENITAL ESOPHAGEAL ATRESIA: INCIDENCE OF RECOGNIZED CASES 








NUMBER 
AUTHOR | YEAR | LOCATION OF CASES} INCIDENCE RATE 
Hirschsprungs 1861 Copenhagen Lying-In Hosp. 7 1- 2,628 births 
Turner! 1944 +Brit. Post. Grad. Med. 4 1- 2,635 births 
School 

Murphy!9 1947 City of Philadelphia 13 1-12,804 births 
Potter2° 1947 Chicago Lying-In Hosp. 6 1- 6,000 births 
Ingalls and Prindle1 1949 Boston Lying-In Hosp. 6 1- 5,083 births 
Belsey and Donnison?1 1950 Bristol 4 1- 800 births 
Humphreys, Hogg, and 

Ferrer22 1956 Sloane Maternity Hosp. 23 1- 3,000 births 
Haight 1957 Washtenaw County, Mich. 13 1- 4,447 births 








Incidence in Siblings.—The incidence of esophageal atresia with or without 
tracheoesophageal fistula in more than one child of the same parents has rarely 
been described. In a series of 201 cases of atresia of the esophagus, with or 
without tracheoesophageal fistula, and in an additional 7 cases of tracheoeso- 
phageal fistula without other anomalies of the esophagus seen at the University 
Hospital, the anomaly has occurred in 2 siblings in only one family. This 
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finding occurred in successive births, both infants were males and each had an 
atresia with the typical form of tracheoesophageal fistula. In a review of this 
subject, Sloan and I** were able to find only 5 previous instances of esophageal 
atresia in siblings. The 2 brothers whom we reported recovered from operation 
and were living when the latest information regarding them was obtained. They 
are the only 2 patients listed among the living cases in this series whom we 
have been unable to locate for recent follow-up observations. Hausmann, Close, 
and Williams** have recently reported the occurrence of esophageal atresia 
in 3 consecutive siblings, the first 2 having had an atresia with tracheoesophageal 
fistula and the third, an atresia without an associated fistula. 

In order to determine whether esophageal atresia has occurred more often 
in subsequent births than is believed to be the ease, inquiry has been made of 
the parents of the patients in this series. The majority of the parents have 
replied and, to date, no other instance of esophageal atresia in siblings has 
been found in these families. In the past, the parents of our patients have 
naturally been concerned about the possibility of the anomaly occurring in 
subsequent births. The information which has been obtained regarding the 
remoteness of the anomaly in later births has furnished reassurance to parents 
who have desired to have additional children. The familial histories of a few 
of the parents of our patients have been investigated in the Heredity Clinic 
of the University Hospital and further studies in this field are in progress. 

Incidence in One of a Pair of Twins.—The finding of an esophageal atresia 
with or without a tracheoesophageal fistula, or a tracheoesophageal fistula alone, 
in one of a pair of twins is worthy of mention. Although it is well known 
that twins are more likely to be afflicted with congenital anomalies than are 
single births, the presence of an esophageal atresia in only one of a pair of 
twins depreciates the factual data which suggest that this anomaly is heredi- 
tary. The possibility of an esophageal atresia occurring in one of a pair of 
twins has been rarely mentioned in the literature; and, to date, no case report 
has been published which shows the anomaly to have been observed in both of 
the twins. It was mentioned earlier that Ysander? deseribed an esophageal 
atresia with tracheoesophageal fistula in both components of a monster type of 
embryo; and this is the only ease in which any semblance of the presence of 
the anomaly in each of a pair of twins has been found. 

The first report of an esophageal atresia in one of a pair of twins was pub- 
lished by Ingalls and Prindle™* who described the finding of an esophageal 
atresia in one each of 4 pairs of twins in 107 births. They believed, however, that 
this finding, which is four times the normal expectancy, could have been 
caused by chance. Brown and Brown,” in a report of 24 cases of esophageal 
anomalies of which 21 were atresias, report the presence of an atresia in one 
each of 2 sets of twins. Leven, Vareo, Lannin, and Tongen** describe the 
finding of an atresia with tracheoesophageal fistula in one each of 2 pairs of 
twins in 102 eases of atresia of the esophagus. The other reports, mentioned 
above, do not specify the type of anomaly. 
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In the present series, an esophageal atresia has been found in one each 

of 10 pairs of twins in 201 cases of atresia and in one of a pair of twins in 7 
eases of tracheoesophageal fistula alone. Two pairs of twins, in whom an eso- 
phageal atresia with tracheoesophageal fistula was present in only one of each 
pair, are living; one pair are identical twins (Fig. 4), the other pair, fraternal. 
Both twins, in whom a fistula alone was found in only one, are also living. 
Seven of the twin brothers or sisters of the patients with atresia are living. 


Fig. 4.—Identical twins in whom an esophageal atresia with tracheoesophageal fistula 
was present in one of the twins. The patient (C. S., Case 148) who had the anomaly is 
seen on the left; the anomaly has been corrected by a primary esophageal anastomosis. 


Three of the pairs of twins were of different sexes; it is believed that at least 
6 of the remaining 8 pairs of twins were identical, and it cannot be determined 
from the records in the remaining 2 instances whether or not they were iden- 
tical twins. A question that arises is: why should the anomaly occur in one 
‘‘identical’’ twin and not in the other? The answer is not yet clear but our 
observations suggest the importance of nongenetic factors in the etiology of the 
anomaly. Three of the twin brothers or sisters of the patients died, and their 
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deaths occurred at, or shortly after, birth. It is unfortunate that post-mortem 
examinations were not made on the 3 twins who died; in one case, however, 
roentgenograms of the esophagus showed it to be normal. Another of these 
twins was eyanotie at birth and died within an hour; the third was a still- 
born infant. 

Of the 10 twins with esophageal atresia, it is to be noted that 6 were 
definitely premature babies, 2 weighing between 3 and 4+ pounds at birth and 
4+ weighing between 4+ and 5 pounds. Four of the twins can be regarded as 
full-term infants, in accordance with accepted standards of birth weights. 
Three of them weighed between 514 and 6 pounds, and one, over 6 pounds. 
The anomaly in 7 of the twins with esophageal atresia consisted of an atresia 
with an associated tracheoesophageal fistula; whereas the remaining 3 patients 
had an atresia without a tracheoesophageal fistula. Data regarding the birth 
weights, sex, and results are shown in Table IT. 


TABLE II. TwINs 
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TYPES OF ANOMALY 


The types of anomaly found in 200 consecutive cases of esophageal atresia 
are listed in the accompanying table (Table Ili). It is to be noted that the 
presence of air in the stomach, indicative of a co-existing tracheoesophageal 
fistula, was found in 86.5 per cent of the infants with esophageal atresia. Most 
of the larger series of cases reported by others have indicated a slightly higher 
percentage of cases in which there was an accompanying fistula. When a fistula 
has been present, it has been observed that the two segments of the esophagus 
were in approximation, or in actual partial muscular continuity, in one third 
of the patients in whom it was possible to ascertain the exact findings. In the 
ease of two thirds of the patients who manifested an associated fistula, the 
two segments of the esophagus were separated by a distance which varied from 
a few millimeters to between 2 and 3 em. In only 2 patients was a fistula 
found between the proximal esophagus and trachea, in addition to the fistula 
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between the lower esophagus and the trachea. In one of these 2 patients the 
proximal fistula was situated immediately above the distal fistula; in the other, 
the two fistulas were separated by a distance estimated to be at least 3 em. 


TABLE IIT. CONGENITAL ESOPHAGEAL ATRESIA: ANATOMIC VARIATIONS IN 200 CASES 








NUMBER OF PER CENT OF 
CASES TOTAL 





ir in Stomach—listula Present 173 
Segments separated by variable distance 108 
Segments in contact or overlapping o4 
Proximal and distal tracheoesophageal fistulas 2 
Exact type not known 9 
Air in Stomach 
Small fistuia between lower esophagus and trachea 
No fistula; partial agenesis of lower esophagus 
Atresia of lower esophagus 

Esophagus continuous 0.5 
Segments in contact 0.5 
Proximal fistula; no distal fistula 0.0 
2.0 








Admission roentgenograms have failed to reveal the presence of air in 
the stomach or intestinal tract in 27, or 13.5 per cent, of the 200 patients with 
esophageal atresia. The usual finding in this group has been a partial agenesis 
of the lower esophagus which usually extends only 2 or 3 em. above the dia- 
phragm, although in oceasional instances it may extend almost to the level of 
the bifureation of the trachea. Partial agenesis of the lower esophagus was 
noted in 18 patients, or 9 per cent. Another finding in this group has been 
the presence of a small fistula between the lower esophagus and the trachea in 
3 eases, or 1.5 per cent, but the fistula was too small to allow the passage of air 
into the stomach. Two patients without air in the stomach presented unusual 
findings. In one, the esophagus was continuous but there was an area of nar- 
rowing in the mid-third, and complete obstruction at the approximate level of 
the junction of the middle and lower thirds. In the other case, a small medias- 
tinal cyst was found at the level of interruption of the two segments of the 
esophagus which were in contact with each other; and a complete obstruction 
of the lower segment of the esophagus was present where the cyst impinged 
upon it. Above this level, a short, 1 em., length of lower esophagus extended 
up to the trachea where a small fistulous communication was present. A fistula 
between the upper esophagus and trachea without a fistula between the lower 
esophagus and trachea (type 3A of Vogt’s*’ classification) was not observed in 
any of the eases in this series. In 4 of the patients without air in the stomach 
the exact nature of the lower esophagus could not be classified. Two patients 
died and the precise type of anomaly could not be observed because neither 
an operation nor a post-mortem examination was performed. Two living pa- 
tients are being treated temporarily by cervical esophagostomy and gastrostomy, 
and the length of the lower esophagus has not as yet been investigated. 

The absence of air in the stomach or intestinal tract shortly after birth is 
indieative of a lack of a patent channel between the pharynx and stomach. 
Since it is assumed that infants who do not have air in the stomach after birth 
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have been unable to swallow amniotic fluid during their intrauterine existence, 
it is not surprising to discover a history of hydramnios preceding or during 
birth. This may seem at first to be of academic importance only; but from a 
practical standpoint, the excessive amount of amniotic fluid will often cause 
the premature birth of the infant. It is, therefore, important to compare the 
birth weights of infants who have been known to have had air in the gastro- 
intestinal tract when they were admitted with the weights of those who did not. 
The birth weights are known in all except 3 per cent of the patients. A com- 
parison of the known birth weights of the two groups shows the incidence 
of prematurity (i.e., birth weight less than 5 pounds, 8 ounces) to be econ- 
siderably greater in those infants without air in the stomach (56 per cent) 
than in those with air in the stomach (24.7 per cent) (Table IV). It is to be 
noted that the figures are actual birth weights and not admission weights, which, 
as a rule, are considerably lower than birth weights. The fact that infants 
without air in the stomach are more often premature than not is of importance 
with regard to selecting the preferable method of surgical treatment, inasmuch 
as an esophageal anastomosis cannot ordinarily be carried out in such eases 
without mobilization of the stomach. 


TABLE IV. ESOPHAGEAL ATRESIA 











| BIRTH WEIGHT 
LESS THAN MORE THAN 
5 LB., 8 OZ. 5 LB., 8 OZ. 
(%) (%) 
Air in stomach 24.7 75.3 
No air in stomach 56.0 44.0 








On some occasions in this presentation, the cases will be analyzed in two 
groups: the first 100 cases admitted prior to May 1, 1950, and the second 100 
cases admitted between that date and Mareh 1, 1957. The eases have been 
segregated into two groups because the patients in the first group obviously 
were not able to benefit from present methods of management. Furthermore, 
certain statistical observations, especially regarding the associated anomalies, 
become apparent when one compares a group of 100 cases with another group 
of similar size. Another reason for segregating the cases into two groups is that 
in a relatively larger number of the first 100 patients no definite attempt was 
made to correct the anomaly. In the first group, 4+ of 11 patients were admitted 
prior to our first use of an operation for primary esophageal anastomosis in 1939. 
Seven other patients in this group were not operated upon because of their poor 
general condition, or because of associated anomalies; and 2 other patients 
were allowed to return home at the request of their parents when it was found 
that a primary anastomosis could not be performed. By comparison, only 2 
patients in the second group of 100 eases were not operated upon. 


ASSOCIATED ANOMALIES 


The total number of anomalies associated with esophageal atresia, when 
considered collectively, is unusually high (Table V); because they are often 
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multiple and because slightly more than 50 per cent of the anomalies are not 
of life-threatening significance, they are not quite as discouraging as they 
might seem to be at first glance. It is advisable, I believe, to consider patients 
with esophageal atresia as falling into one of two groups, namely, those who 
show significant anomalies and those who do not. Using this differentiation, 
it was found that 28 per cent of the patients had significant anomalies whereas 
72 per cent had none. 
TABLE V. ToTAL ASSOCIATED ANOMALIES (SINGLE OR MULTIPLE) 


IN 200 CASES OF ESOPHAGEAL ATRESIA 
(Total, All Anomalies—169) 








SIGNIFICANT | NOT SIGNIFICANT 

CASES CASES CASES CASES 

NOS. NOS. NOS. NOS. 
TYPE OF ANOMALY 1-100 101-200 TOTAL 1-100 101-200 
Cardiovascular 10 21 31 8 16 
Gastrointestinal 4 20 24 6 13 
Neurological 3 6 9 0 0 
Genitourinary 3 7 10 9 19 
Orthopedic 0 0 0 6 2 26 
Others 1 1 2 4 5 19 

) 











76 33 j 93 





Total 21 ti‘i‘«é‘“ x’ 











The significant anomalies include congenital heart disease and, in par- 
ticular, interatrial or interventricular septal defects, tetralogy of Fallot, cor 
uniloculare, biloculare or triloculare, truneus arteriosus, and tricuspid atresia. 
Significant anomalies of the aortie arch sueh as coarctation of the aorta, vascular 
rings and patent ductus, in which the lumen of the ductus is approximately 
the same size as the descending aorta, are also included in this group. Gastro- 
intestinal anomalies such as imperforate anus, with or without associated uro- 
genital fistulas, and duodenal obstruction are of urgent significance because 
they require prompt treatment. Neurological anomalies such as Mongolism, 
hydrocephalus, encephalomalacia, cerebellar cyst and spasticity, and a few 
urological anomalies such as polyeystie kidneys and stricture of the ureters, have 
likewise been included in this group beeause these conditions have, or could have, 
led to the early death of the patient. 

The nonsignificant anomalies are designated as such because they do not 
interfere with a reasonable life expectancy. Such conditions as the frequently 
found Meckel’s diverticulum, anomalies of the vertebrae or ribs, horseshoe 
kidneys, with or without a single ureter, and abnormalities of the aortic arch 
such as dextraposition of the aorta, or aberrant subclavian artery are included 
in this group. 

The significant congenital anomalies, listed according to the above dif- 
ferentiations, have been further segregated into two groups: those which ap- 
peared in the first 100 eases and those which appeared in the second 100 cases. 
When multiple anomalies of several regions of the body have been encountered 
in a single case, as is frequently observed when, in addition to atresia, an 
anomaly is present, only the most imminently life-threatening anomaly has been 
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considered in the analysis of these cases. When this classification is used, 
it becomes evident that anomalies of the heart or cardiovascular system are far 
more important than are those which occur in other portions of the body. It 
is also evident that the significant anomalies encountered in the first 100 cases 
(18 anomalies) is greatly exceeded by the significant anomalies oceurring in 
the second 100 (38 anomalies) (Table VI). It is also important to note that 
none of the 30 patients who had a congenital cardiovascular anomaly of a sig- 
nificant type is living, whereas 5 of 14 cases with imperforate anus or pyloric 
or duodenal obstruction are still alive. Of the 8 patients in whom significant 
neurologic anomalies were found, only one is living, and this patient has 
hydrocephalus which has not been improved by operation. 
TABLE VI. PATIENTS WITH SIGNIFICANT ASSOCIATED ANOMALIES IN 200 CASES OF ESOPHAGEAL 
ATRESIA* 

CASES NOS. CASES NOS. - PATIENTS 
TYPE OF ANOMALY 1-100 101-200 TOTAL LIVING 
Cardiovascular 10 20 30 0 
Gastrointestinal 3 11 14 5 
Neurological 3 5 8 1 
Genitourinary 2 1 3 0 


Orthopedic 0 0 0 0 
Others 0 1 1 1 


Total 38 = 


56 7 














*When multiple anomalies have been encountered in. a single patient, only the most 
important anomaly is listed. 


DEVELOPMENT OF SURGICAL TREATMENT 


Achievement of a satisfactory method for surgical correction of esophageal 
atresia was long in coming and will not be reviewed here in its entirety. Timothy 
Holmes*® of London, the author of the text, Surgical Management of Children’s 
Diseases, suggested the possibility of an esophageal anastomosis when an atresia 
was not accompanied by a tracheoesophageal fistula. His suggestion was vague 
and he gave no particulars regarding the method of approaching the esophagus. 
Charles Steele?’ is often cited as the first surgeon to have performed a gastros- 
tomy for esophageal atresia. This is not the case, however, and the operation, 
conceived with more imagination than that required for a gastrostomy alone, 
was performed in the hope that a membranous obstruction of the esophagus 
suitable for instrumental perforation might be found. After opening the 
stomach, Steele passed a bougie into the lower esophagus. Simultaneously, a 
bougie was passed down the upper esophagus; but Steele estimated that the 
bougies did not meet by a distance of about an inch and a half. He then intro- 
duced into the lower esopiiagus a gum elastic catheter with its end removed; 
through the catheter he passed a long, slender, steel probe, pressing it upward 
as far as possible, in the hope that the lower esophagus ‘‘if twisted or narrowed 
might be rendered pervious.’’? The attempt was unsuccessful, and the gastric 
and abdominal incisions were then closed. The infant died on the following 
day, and at post-mortem examination, the esophagus was found to terminate 
above and below in blind, rounded ends an inch and a half apart. From this 
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description it is evident that Steele’s ease was one of an esophageal atresia 
without a tracheoesophageal fistula. Keith,*° in 1910, after analyzing 14 cases 
of esophageal atresia with tracheoesophageal fistula, suggested that operative 
measures to unite the two segments of the esophagus are theoretically possible, 
but that to his knowledge no such operation had ever been attempted. 

A ray of hope was eventually focused on the anomaly when, in 1913, H. M. 
Richter*! presented 2 eases in which he ligated the tracheoesophageal fistula 
through a transpleural approach. Richter envisioned the possibility of a direct 
anastomosis of the two segments of the esophagus as the ideal type of opera- 
tion, and one which might prove possible in the future. Believing the pro- 
cedure of anastomosis to be too hazardous at that time, Richter concluded that 
the imminent problem was one of closing the communication with the trachea 
and then of providing a gastrostomy for feeding. He further stated that the 
recent development of thoracic surgery justified the hope that later in the life 
of the patient a means of utilizing the gullet might be found. Certain details 
of Richter’s 2 eases are significant, in that, for one thing, he employed a 
gastrotomy in order to intubate the lower esophagus from below by means of 
a pliable uterine sound immediately preceding the intrathoracic operation. 
Although the fistula was ligated in both of his eases, Richter was of the opinion 
that a more definitive closure, with the division of the lower esophagus and 
invagination of the open ends of the esophagus and trachea, would have been 
desirable. The operations were carried out through a transpleural approach 
which was the more remarkable because the anesthesia was administered under 
positive pressure and with the aid of an intratracheal tube, a method which had 
been developed only a few years earlier, and prior to the time when such a pro- 
eedure had been generally applied to adults. In a recent communication, 
Richter’s son, Dr. H. M. Richter, Jr., has advised me that his father used an 
old vacuum cleaner motor in the construction of a mechanical respirator which 
he built for his class in dog surgery at the Northwestern University Medical 
School. He had employed this machine before on 2 patients who developed 
respiratory arrest (one during a tonsillectomy, and the other with bulbar 
poliomyelitis) with dramatic effect and considerable local acclaim. It was this 
machine which Richter used on the 2 infants for whom he performed ligation 
of the tracheoesophageal fistula. Doctor Richter, Jr., has also advised me that 
his father had no later experience with esophageal atresias. This was un- 
fortunate, because, had he had such experience, a satisfactory solution to a 
difficult problem might well have been obtained much earlier than was the 
case. 


During the ensuing 25 years, attention regarding treatment of the anomaly 
was focused almost entirely on its management by gastrostomy with or with- 
out accompanying measures to prevent regurgitation of gastrie contents into 
the trachea. In a few of the patients operated upon during the latter part of 
this period, efforts were also made to prevent aspiration of oral secretions by 
means of exteriorization of the cervical esophagus. The various procedures 
used during this period have been reviewed in a previous communication.** 
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In 1938, Robert Shaw,** in a personal communication to John Alexander, 
called our attention to the first case of atresia of the esophagus with tracheo- 
esophageal fistula which he had treated on Sept. 25, 1938, by ligation and division 
of the fistula and primary anastomosis of the two segments of the esophagus 
over a catheter introduced through the nares and advanced through the esopha- 
gus into the stomach. His patient, whose case was published in December, 
1939,** died on the twelfth postoperative day as a result of a transfusion reac- 
tion and disruption of the anastomosis. Shaw mentioned, in his article, an 
infant for whom a similar type of operation had been performed by Paul C. 
Samson.*® The operation on Shaw’s patient had been done without his knowl- 
edge of 4 similar cases operated upon by Lanman in 1936 and 1937, and 
subsequently reported in November, 1940,°° more than 2 years after Shaw’s 
first patient had been treated. A primary anastomosis was carried out 
by Lanman in these 4 cases and was also performed in another patient 
operated upon by him in March, 1939. All of these patients died follow- 
ing primary anastomosis done through a right extrapleural approach. The 
third and fourth of Lanman’s 5 patients treated by primary anastomosis (Cases 
No. 20 and No. 22 of his report) lived 8 and 9 days, respectively. Post-mortem 
examination in the fourth ease showed that death was caused by overhydration 
and not by infection, pneumonia, or mediastinitis. Shaw and Lanman should 
be accorded great credit for their pioneering attempts to obtain a primary 
anastomosis. 

Approximately 5 months after Shaw had communicated with Dr. Alexander, 
and employing the technique which he suggested, I performed a primary repair 
of the anomaly for the first time on April 10, 1939. The patient died of 
atelectasis, presumably of the fetal type, 17 hours following the operation. 
During the ensuing 23 months, 4 other patients also died, 2 having been operated 
upon by Dr. Alexander and 2 by myself. The first of the 4 patients died im- 
mediately following operation which was carried out through a right trans- 
pleural approach, and under local anesthesia. I believe this patient, who was 
operated upon by Dr. Alexander, is the first one for whom an anastomosis 
was completed by the transpleural route. In this ease, the anastomosis was per- 
formed over a T tube, as had been suggested by Shaw. Discouraged by the 
results of these 2 eases, I hoped in the next case to obtain a survival by liga- 
tion and division of the fistula which were done with the aid of local anesthesia 
in preference to an astomosis, even though the latter procedure would have 
been readily feasible. At that time, in August, 1940, I was unaware of the 
2 survivals operated upon by Leven*? and Ladd** by the multiple stage plan 
and whose cases were unreported as of that date. My patient died 3 days 
after operation as a result of overhydration, pulmonary edema, and lobular 
pneumonia without a cervical esophagostomy having been performed. In the 
ease which followed, difficulty was experienced in locating the lower esophagus 
although the stomach contained air prior to the operation; and inadvertent 
injury to the aorta resulted in death during the operation. The last of these 
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4 patients died of sepsis subsequent to a satisfactory division and suture-liga- 
tion of the fistula and primary anastomosis of the esophageal segments over a 
catheter introduced into the esophagus through the wound. 

With knowledge of the 10 unsuccessful attempts to obtain a primary anas- 
tomosis which have been discussed in the preceding paragraphs, we could not 
manifest undue encouragement when our next patient arrived on March 14, 1941, 
12 days after her birth. This infant was unusually robust, weighing 8 pounds 
and 4 ounces upon admission. Roentgenograms obtained before admission had 


Fig. 5.—First case of recovery following primary anastomosis for esophageal atresia with 
tracheoesophageal fistula (J. M., Case 10) 


demonstrated a blind upper esophagus. The presence of air in the stomach 
indieated the existence of a communication between the trachea and the lower 
esophagus. On the day following her admission, the patient’s tracheoesophageal 
fistula was ligated and divided through a left extrapleural approach; and an 
end-to-end anastomosis was performed, employing a single layer of interrupted 
sutures of fine silk. Local anesthesia was administered until construction of 
the anastomosis was begun, when ether by the drip method was required so that 
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enough relaxation could be achieved to allow approximation of the esophageal 
segments. The wound was closed around a narrow rubber drain. Since 
penicillin was not then available, the only antimiecrobiol agent used postoper- 
atively was sulfathiazole, administered rectally. Fortunately, the patient sur- 
vived in spite of the fact that generalized edema had appeared on the third 
postoperative day as a result of the excessive use of physiologic saline solu- 
tion; and leakage of the anastomosis into the extrapleural wound had occurred 
on the seventh day after the operation. The parietal pleura had not been injured, 
however, at the time of operation, and the esophagocutaneous fistula re- 
mained localized and had healed by the twentieth postoperative day. In the 
interim, a gastrostomy to make feedings possible was performed on the tenth 
postoperative day. After it has become evident that the esophageal leak had 
closed, oral feedings were started gradually on the twenty-first postoperative 
day. As the oral feedings were progressively increased, the gastrostomy feed- 
ings were simultaneously reduced, and were discontinued completely on the 
thirty-ninth day. The gastrostomy tube was removed 3 days later. A stricture 
developed at the site of the anastomosis. As a result of this, accumulations 
of mucus in the pharynx and upper esophagus interfered greatly with the 
ability of the patient to swallow, and necessitated a prolonged period of con- 
valeseenece in the hospital. Eventually, a single dilatation of the stricture 
was performed 17 months after the operation, and the patient was allowed to 
return to her home 20 months following the operation. She continued to im- 


prove and has developed normally. The patient is now 16 years of age (Fig. 5). 


CHOICE OF OPERATION 

The preferable plan for the correction of an esophageal atresia with 
tracheoesophageal fistula consists of a primary anastomosis of the two portions 
of the esophagus after the fistula has been divided and closed. A primary 
anastomosis is usually possible, although extensive transpleural mobilization of 
the lower esophagus, in addition to the usual high mobilization of the upper 
esophagus, may be required in order to gain enough relaxation so that the 
two segments of the esophagus may be brought into apposition without tension. 
If extensive mobilization of the lower portion of the esophagus is required, 
an attempt should be made first to preserve the extrinsic vascularity by not 
freeing the esophagus completely in the plane at which its blood supply 
enters. A certain amount of elevation of the lower esophagus can thereby be 
obtained without disrupting the intrathoracic vascularity. In other cases, the 
esophagus will require total mobilization. Usually the cireulation of the lower 
esophagus will continue to be adequate through its intramural blood supply, 
but in our experience this has not always been true. The upper few millimeters, 
and at times a slightly greater length of the lower esophagus, will usually show 
evidence of cyanosis and this portion will require resection. Should a greater 
length need to be sacrificed, there may not be a sufficient remaining portion 
of the lower esophagus to allow an anastomosis to be performed without ten- 
sion. In this event, which is remote, it becomes necessary to select one of several 
alternative possibilities. The most immediately appealing is mobilization of 
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the fundus and cardia of the stomach at the same operation. This can be 
accomplished readily after the esophageal hiatus has been enJarged. The 
stomach is then drawn partially into the thorax, thereby allowing the lower 
esophagus to be brought to a point higher into the right chest than would be 
possible if the stomach were not mobilized. 

The alternative possibilities, when a primary esophageal anastomosis is 
not performed through the right chest, consist of the use of a left esoph- 
agogastrostomy in the immediate or distant future, or the performance of 
a bowel transplant at a later date in order to achieve continuity of the alimentary 
tract. Unless an esophagogastrostomy is carried out within a very brief period 
of time, a gastrostomy and cervical esophagostomy will be required as tem- 
porary measures. Should either of these plans be chosen, the lower esophagus 
having been transected near its junction with the trachea will of necessity 
need to be closed at the time of the primary operation. The decision regard- 
ing the advisability of one or the other of the alternative possibilities will be 
influenced not only by the preference of the surgeon but also by the general 
condition of the infant upon admission, and more particularly by the patient’s 
condition at the time it is discovered that an esophageal anastomosis cannot 
be performed without mobilizing the stomach. Fortunately, when a tracheo- 
esophageal fistula is present in patients with atresia, it is rarely necessary 
to resort to one of the alternative procedures. On the contrary, a primary 
and uncomplicated esophageal anastomosis is rarely possible in patients with 
atresia unaccompanied by tracheoesophageal fistula. The problem is particu- 
larly significant in this group of patients. 

The decision regarding the choice of procedures to be employed, when an 
uncomplicated type of esophageal anastomosis cannot be done, should be in- 
fluenced not only by the comparative risks of each of these procedures, but 
also by the late development of patients treated by one or another of these 
plans. At the present time, the number of patients treated by each of the 
alternative plans for restoring alimentary continuity is too small, and the 
period of postoperative evaluation too short, to allow valid conclusions to be 
reached. I believe, however, that the encroachment on pulmonary function 
by mobilization of the stomach into the left chest, so as to permit an anasto- 
mosis to be performed between its fundus and the upper portion of the esopha- 
gus, is greater than that resulting from mobilization of the stomach through 
the right chest in order to allow an esophageal anastomosis to be carried out. 
The additional decrease in pulmonary function when an esophagogastrostomy 
is performed occurs not only because a larger volume of stomach is brought 
into the left chest than is the case when the stomach is partially mobilized into 
the right hemithorax, but also because there is greater interference with the 
function of the left diaphragm by this operation than there is when the 
mobilization of the stomach into the right chest is achieved through enlarge- 
ment of the diaphragmatic hiatus. It is well recognized that the sudden intro- 
duction of a large volume of the stomach into the thorax of a newborn infant 
is not tolerated well. Very few statistics are as yet available concerning the 
mortality of intrathoracic implantation of part or all of the stomach in a 
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newborn infant; and those that are available show the mortality to be high. 
Additional figures regarding the results of intrathoracic transplantation of 
the stomach into the right chest are urgently needed; and statistics are 
especially desired concerning the results of this procedure when it is em- 
ployed for a premature infant who does not have air in the stomach upon ad- 
mission, and in whom the presence of a rudimentary lower esophagus is to 
be anticipated. 

The unknown factor in infants who do not have air in the stomach when 
admitted is the actual length of the lower esophagus. It has been shown 
statistically that such patients usually have a rudimentary lower esophagus 
which does not extend sufficiently high to communicate with the trachea. 
Tracheoscopy has been performed for a number of such patients in the past, 
and it probably should be done for patients who do not have air in the stomach, 
although the finding of a tracheoesophageal fistula on tracheoscopie examination 
can be anticipated only on rare occasions. Tracheoscopy would therefore prove 
to be of positive value only in the exceptional case. In the event that a 
fistula is not present between the trachea and lower esophagus, I believe that 
the initial operation should consist of a gastrostomy. It is further proposed 
that the actual length of the lower esophagus be determined by retrograde 
bouginage and roentgenograms with a portable unit at the time when gastrostomy 
is carried out. This plan was used on one occasion in this clinie for a patient 
operated upon in 1944, and is the same in principle as that employed by 
Steele®® in the first reported operation for esophageal atresia in 1888. If 
retrograde bouginage shows the lower esophagus to extend up to, or almost 
up to, the level of the bifureation of the trachea, an attempt to obtain a satis- 
factory primary esophageal anastomosis should undoubtedly be made. This 
procedure might well spare the patient the inconveniences of a prolonged need 
for gastrostomy and cervical esophagostomy while awaiting the delayed use 
of a bowel transplant. 

Several questions relative to patients who have been treated by mobiliza- 
tion of the stomach need further clarification. One of them concerns growth 
and development. Is the weight gain as satisfactory in these patients as in 
those for whom the stomach is not brought into the chest? Another problem 
is one of possible regurgitation of gastrie contents into the esophagus resulting 
from the loss of angulation normally present at the cardioesophageal junction. 
The only patient in this series for whom the stomach was mobilized partially, 
and brought into the right chest, has failed to show a satisfactory gain in 
weight. A delay in emptying of the infradiaphragmatie portion of the stomach 
is evident on roentgen studies. The roentgenograms also demonstrate reflux 
of gastrie contents into the lower esophagus, but the patient does not vomit 
or regurgitate food, and esophagoscopy shows no evidence of peptic esophagitis. 
The fact remains that this patient has a very poor appetite and that his calorie 
intake is far below normal. Of interest, by way of comparison of weight gains 
with the use of two different procedures in this patient, is the fact that a 
‘‘delayed’’ plan for mobilization of the stomach into the right chest was em- 
ployed in his ease, the patient having been fed by gastrostomy for 614 weeks 
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prior to the performance of an esophageal anastomosis. During this period, 
secretions accumulating in the blind proximal esophagus were aspirated at 
frequent intervals. Likewise, during this period of 6144 weeks while the 
patient was receiving gastrostomy feedings, he showed a gratifying weight 
gain of approximately 2 pounds. During the ensuing 3 vears, however, he has 
gained less than 9 pounds. On the contrary, the one patient in this series who 
was treated successfully by primary esophagogastrostomy performed through 
the left chest has had an excellent appetite, although her weight is likewise 
below normal. In her ease, however, the stomach empties normally. 


RESULTS 

The results of treatment of esophageal atresia with or without tracheo- 
esophageal fistula may show considerable variation from year to year and will 
reflect, in large measure, the general condition of the patients on admission, 
including the presence or absence of significant associated anomalies. They 
demonstrate, as well, that inexplicable something which causes a series of good 
results to be followed by one of poor results. Gratifying as the recoveries may 
be, however, the all-inclusive results leave a great deal to be desired, nor can 
they be regarded as final at the time a patient is discharged from the hospital. 
Although 108, or 54 per cent, of our patients recovered from their operations 
and all, except 2 with congenital heart disease, were discharged from the hos- 
pital, 22 have subsequently died. The majority, or 13, of the late deaths have re- 
sulted from causes directly attributable to the operation, or could, conceivably, 
have occurred because of it. A smaller number, or 9, of the late deaths resulted 
from associated anomalies. Because of the late deaths the survivals have been re- 
duced in number to 86; thus only 42.7 per cent of 201 patients admitted to the 
University Hospital since 1935 are still living. 

Improvements in the recovery rate were not significant before 1945. Since 
Jan. 1, 1947, the recovery rate of all patients admitted because of the anomaly 
has been in excess of 60 per cent each year with the exception of 1956 when 
an unusually high incidence (50 per cent) of serious, particularly cardiovascular, 
anomalies was encountered. In one year only (1954), 13, or 81.2 per cent, of 
16 patients recovered after they underwent operation, and 12, or 75 per cent, 
are living; whereas in 1956 only 4, or 25 per cent, of 12 patients recovered 
and are now living. 

Of the first 100 patients who were admitted between 1935 and May 1, 
1950, 44 recovered from operation and 36 are living at present. Most of the 
early deaths were attributable to operation, to the withholding of operation 
because of the poor condition of the patient, to associated anomalies, or both 
and, finally, to an incomplete type of operation. Relatively few of the deaths, 
not more than 12 per cent, in the first 100 cases were caused by associated 
anomalies. In the first 100 cases, operation was not undertaken for 7 patients, 
and an additional 4 patients were admitted before the initial attempt in this 
clinic was made to correct the anomaly by esophageal anastomosis. During 
only the last 114 years of this period was the multiple stage plan of correcting 
the anomaly recommended when an anastomosis was not possible. 
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In the second 100 cases admitted since May 1, 1950, the recovery rate follow- 
ing operation has been 64 per cent. Fourteen patients have subsequently died 
and 50 are now living. In the second group of 100 patients, only 2 were not 
operated upon, one because the infant’s condition was almost terminal when 
she was admitted, and she died within 12 hours; the other because the parents 
refused to grant permission for the operation because of the presence of a con- 
genital anomaly (atresia of the vagina with hydrocolpos) which would have 
prevented the patient from bearing children. 

In the second 100 cases, the deaths which occurred during the early post- 
operative period were about equally divided between those resulting from 
operation (22 cases), such as pneumonitis and atelectasis, leakage of the anasto- 
mosis or recurrent tracheoesophageal fistula, and those resulting from associated 
anomalies (26 cases). A strict differentiation between these two general causes of 
death has not always been possible to make, especially when operative complica- 
tions have occurred in the presence of significant associated anomalies in the 
same patient. The cause of death, however, has been classified according to the 
factor which is believed to have been the most likely one. 

The late deaths have been particularly disturbing especially when they 
have been attributable to the operation itself. They are also discouraging 
when caused by associated anomalies. Of the 22 late deaths in the combined 
groups, at least 11 have resulted from late complications following operation. 
These include 3 deaths caused by complications which appeared after the 
patients were readmitted for dilatation of a stricture at the anastomosis. Two 
of these deaths resulted from diarrhea and one from eardiae arrest which 
oceurred while the stricture was being dilated. Two deaths have followed 
the surgeon’s failure to recognize a recurrent fistula when it should have been 
detected. Two other deaths occurred suddenly while the patients were at 
home, and probably were caused by stricture and sudden distention of the 
upper esophagus with accompanying pressure against the trachea. Another 
death resulted from spontaneous perforation of the lower esophagus in a 
patient who was being treated by the multiple stage plan and was awaiting 
admission for a right colon transplant; one resulted from pneumonia; one fol- 
lowed an operation for a right colon transplant; and one was caused by a re- 
currence of diarrhea which originally had been contracted during early post- 
operative convalescence. Two late deaths occurred from causes which were not 
adjudged to have been the result of the operation; one as a result of tuberculous 
meningitis when the patient was 8 months of age; and the other at the age of 
314 months, as a result of pneumonia. The complications arising from stricture 
or recurrent fistula have demonstrated the need for frequent and eareful evalu- 
ation of all patients after they have been discharged from the hospital. 

Nine late deaths, all occurring in the second group of 100 patients, were 
caused by associated anomalies; 6 resulted from congenital heart disease, 2 
from neurological conditions (hydrocephalus, one case, and cerebellar cyst, 
one case), and one from megacolon. Two of the 6 patients with congenital 
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heart disease had been kept in the hospital because their progress had not been 
satisfactory, and their deaths oceurred after operation for the-correction or 
relief of the eardiae anomaly had been undertaken. 

The results of operation in the second 100 cases provide a better index to 
the current problem than do the results of the entire group and will therefore 
be analyzed according to the operative plan employed. An esophageal anasto- 
mosis was carried out for 77 patients in this group. Fifty-two, or 67.5 per cent, 
of these patients recovered from the operation; and 41, or 53.2 per cent, are 
now living. In those who died, either early or late, following esophageal anasto- 
mosis, death proved to have been the result of operative complications in 16, 
or 20.8 per cent, and the result of other congenital anomalies in 20, or 25.9 
per cent. The multiple stage plan was started in 21 patients in the second 
100 cases, 9 of whom, or 42.8 per cent, are living at the present time. Twelve, 
or 57.2 per cent, have died, 6, or 28.6 per cent, as a result of complications of 
treatment, and a similar number as a result of other congenital anomalies. 
Thus, in the second 100 cases, 27 deaths, including that of one patient for whom 
the parents refused permission for operation, were directly attributable to 
associated anomalies. 


PHYSIOLOGY OF THE RECONSTRUCTED ESOPHAGUS 

Particular attention to the physiologie activity of the reconstructed esopha- 
gus following esophageal anastomosis has been paid by several members of 
the Department of Roentgenology of the University Hospital, and especially 
by Dr. M. M. Figley. The level of the anastomosis has been readily apparent 
because of an appreciable narrowing of the lumen in some patients; and it 
has been barely recognizable by a slight indentation of the esophageal wall in 
other cases. Observations made during fluoroscopy have shown a lack of peri- 
stalsis over a distance of at least 2 or 3 em. below the level of the anastomosis 
in virtually all cases. In a few eases, the absence of peristalsis has been evident 
at a point as low as the upper part of the lower third of the esophagus. 

In 5 patients studied between 1949 and 1952, serial films were made with 
the rapid filming device used for angiocardiography. The ages of these patients 
varied from 6 to 814 years. In these patients, films were made, as a rule, 
at the rate of 2 per second. In all cases, barium passed freely through the 
esophagus. Active peristalsis was observed in the portion of the esophagus 
above the level of the anastomosis. In none of the eases did the peristaltic wave 
pass through the level of the anastomosis; it was also absent for a variable 
distance of 2 or 3 to 5 em. below the anastomosis. It then re-appeared and 
was present im the distal esophagus (Fig. 6). These patients, being the older 
ones in the series, had been operated on prior to our use of extensive mobiliza- 
tion of the lower esophagus when that procedure was required. It is believed, 
therefore, that the vagus nerve to the lower esophagus is intact except for a 
relatively short length of the upper portion of the lower esophagus which had 
been mobilized at the time of operation. The film observations, although they 
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are of interest from the standpoint of a permanent record for the demonstra- 
tion of esophageal contractility, did not add to the information already ob- 
tained by careful fluoroscopy in the same patients. Such studies have not been 
continued, therefore, because of the additional radiation to which patients are 
subjected when roentgenograms are used extensively. Cinefluorography has 
not been available to us as yet, but it may be employed in the future if its 
advantages are found to be great enough to justify its use. 

The foreign bodies ingested by infants and children are legion. One does 
not comprehend their number and variety until he has had the opportunity 
of observing a significant number of patients with varying degrees of narrow- 
ing of the esophagus. Objects of particular curiosity and appeal to infants 
are pieces of cloth, paper, and crayon. As they develop into childhood, coins 
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Fig. 6.—Peristaltic activity of the esophagus following primary anastomosis is to be 
seen in this series of films made with angiocardiographic equipment at intervals of 2 
second each. The illustrations have been selected from a series of films, each made at 
intervals of 1% second. Peristalsis was absent for a short distance below the level of the 
anastomosis (indicated by arrow). In C and D, the contrast material has been forced pro- 
gressively higher in the esophagus than in B, as a result of peristalsis in the middle and 
lower thirds of the esophagus (G. L., Case 48). 


hold a particular attraction for them. Other objects, such as beads, jingle bells, 
and marbles are merely reflections of the objects around which their play hours 
are centered. Articles of food, however, are the most frequent cause of eso- 
phageal obstruction. They are usually regurgitated readily when vomiting is 
induced; but on occasion they require esophagoseopic removal. The best phys- 
iologie test of the esophagus following primary anastomosis is the ability of 
the child to swallow a hurriedly ingested ‘‘hot dog’’ or a piece of steak. 
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PSYCHOMETRIC OBSERVATIONS 


The possibility of some degree of cerebral impairment has been of con- 
cern to us in infants who have been operated upon for esophageal atresia be- 
eause a number of them have experienced brief periods of profound cyanosis. 
The attacks of cyanosis have been present more often during the postopera- 
tive convalescence than during the brief period of preoperative preparation. 
Psychometric examinations have been made by R. M. Gibson, Psychologist of 
the Department of Pediatries, for a number of the patients, most of whom 
were more than 5 years of age at the time of examination. Sixteen patients 
have been studied to date, and the studies are being continued. The findings 
show that these children are not significantly different from normal children 
in intellectual function and intelligence quotient. In terms of behavior, they 
show no abnormalities; but in terms of personality development, they demon- 
strate considerable fixation around oral habits. Approximately one half of 
the patients who have been studied thus far have shown evidence of cerebral 
changes which would not have been observed when neurologic, or other clinical 
examinations, were made. Abnormal findings were noted in their performance 
on the Stanford-Binet test; and were evident only because of the child’s ina- 
bility to perform certain visual motor tasks. Understandable overanxiety on 
the part of the parents is reflected in the behavior and intellectual functioning 
of these children; and it is particularly evident in relation to their eating habits. 
Increased dependency upon people in general has been observed in patients 
who have required repeated hospitalization and additional surgical procedures, 
such as esophageal dilatation, after the ages of 8 months to one year. De- 
pendeney has not been noted, however, in patients who have not needed further 
treatment after their initial hospitalization. The personality traits which these 
children demonstrate are those which might have been anticipated in children 
who have undergone prolonged surgical and medical treatment in infancy and 
early childhood. Continuing studies of personality development are expected 
to be of aid in minimizing unfavorable tendencies in future patients. 


RIGHT COLON TRANSPLANT 


The earliest attempts to restore continuity of the alimentary tract, when 
the multiple stage plan was employed, involved the use of antethoracic skin- 
lined tubes or the placement of the jejunum or stomach beneath the skin of 
the anterior thoracic wall. A review of the historical developments of esopha- 
goplasty for esophageal atresia will not be presented at this time, although it 
should be recorded that the first patient for whom this plan was carried out 
was the first patient in Ladd’s** series, the operation having been completed, 
in several stages, by 1944. In this case, a skin-lined tube was used to join the 
cervical esophagus to the stomach. It should also be noted that the antethoracic 
transplantation of the jejunum was employed by Swenson,*® and by Leven 
and Vareo,*® who completed this procedure successfully in 8 consecutive pa- 
tients. 
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Because the presumed viability of a segment of colon had seemed to us 
o be better in all probability than that of the jejunum, Fry*! investigated the 
use of a segment of colon to replace the lower esophagus in our laboratory in 
1951-1952. Employing the right colon and the right half of the transverse 
‘olon in dogs, Fry found that the available length would not allow it to reach 
higher than the level of the esophagus immediately below the aortie arch. 
He demonstrated, however, that the use of the right colon and the right half 
of the transverse colon could be successfully applied in replacing the lower 
esophagus in dogs. In post-mortem human studies, Fry observed that the 
length of the right colon in 20 patients of widely differing ages was at least 
equal to and usually considerably greater than the xiphoid-mastoid distance 
in all patients. He concluded, therefore, that the right colon was adequate for 
total esophagoplasty in human beings. Similar conclusions were reached by 
Battersby.**  Kergin,** in 19538, used the right colon successfully to bridge 
a long segment of stenotic esophagus in a young adult. In his ease the colon 
was interposed between the upper and lower esophagus through a left trans- 
pleural approach. It was not, however, until we had seen the encouraging 
reports of Mahoney and Sherman,** and Dale and Sherman,*® who used the 
right colon substernally to bridge the defect in an infant with esophageal 
atresia, that we felt justified in applying this procedure to children in whom 
the multiple stage plan had been begun. We are greatly indebted to Sherman 
and Mahoney for their suggestions relative to this operation. 

To date, the right colon and right half of the transverse colon have been 
used substernally to establish continuity of the alimentary tract in 7 patients 
in this series, and in another patient not included in this series because the 
original operations for esophageal atresia had been performed elsewhere. One 
of our patients who had had a right colon transplant performed in another 
hospital is not listed in the results which we have experienced with this pro- 
cedure, although the result in this ease has beer. excellent. The operations on 
our patients have been performed by a team consisting of Drs. M. S. DeWeese 
of the Department of Surgery, B. F. Scott of the Section of Thoracic Surgery, 
and myself. The intra-abdominal portion of these operations has been carried 
out by Dr. DeWeese. 

The ages of our patients at the time the right colon transplant was under- 
taken have varied from 2 years and 2 months to 7 years and 4 months. In 
the first patient, the terminal ileum was preserved in view of the fact that the 
length of the transplant did not appear to be adequate had the ileum been 
resected. The proximal anastomosis was therefore made in this case between 
the cervical esophagus and terminal ileum. In the other cases, the proximal 
anastomosis was made between the cecum and cervical esophagus, except in 
the ease of one patient in whom there was incomplete rotation of the colon and 
in whom the blood supply of the cecum and the adjacent proximal portion of 
the right colon appeared to be precarious after it had been drawn up to the 
neck. It was considered advisable to resect the proximal 4 inches of the eeeum 
and right colon in this case, and this was done, particularly since an adequate 
length of the transplant was available to allow an anastomosis to be performed 
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between the cervical esophagus and the right colon proper. The ileocolie artery 
was divided in all cases, but the right ecolie artery was preserved whenever 
possible. . 

The colon transplant with its blood supply was brought behind the pyloric 
portion of the stomach in all cases, so that distention of the stomach would 
not exert pressure upon the vascular pedicle of the transplant. In our first 
2 cases, the anastomosis between the proximal portion of the transverse colon 
and stomach was made rather low on the anterior wall of the stomach since 
it was impossible to reach a higher level because of limited exposure resulting 
from the presence of the gastrostomy track. In subsequent cases, the anastomosis 
has been made at points progressively higher on the stomach, and the gas- 
trostomy has been taken down temporarily, when necessary, in order to provide 
aceess to the cardia and fundus of the stomach. In the last 2 cases, the left 
lobe of the liver has been mobilized to provide a more direct route for the 
colon to reach the cardia or fundus of the stomach. A short distal esophagus 
was mobilized in 2 cases; in one patient it was inverted into the stomach, a 
procedure which we do not now recommend. In the last case, the short distal 
esophagus and the cardioesophageal junction were resected and the anastomosis 
between the colon and stomach was made at the site of the resulting opening 
into the stomach. We believe that it is preferable to excise the distal esophagus 
whenever possible, in view of the fact that one of our patients, while awaiting 
a right colon transplant, developed a spontaneous perforation of the distal esoph- 
agus and died as a result. In order to determine whether or not resection of 
the lower esophagus is feasible from an abdominal approach, its length is 
estimated by retrograde catheterization with a cystoscope introduced into the 
stomach through the gastrostomy track prior to operation, or by probing the 
lower esophagus with a uterine sound introduced through the gastrostomy at 
the time of operation. 

Seven of the 8 patients, for whom a right colon transplant was performed, 
survived operation, and each is now taking a normal diet through the recon- 
structed esophagus. The first patient in this group died approximately 12 
hours after having been operated upon, as a result of atelectasis, cyanosis, and 
bloody bronchial secretions, all of which were evident clinically prior to 
the removal of the intratracheal tube at the conclusion of the operation. 
In this case, in which the proximal anastomosis was made between the 
cervical esophagus and the terminal ileum, post-mortem examination in- 
dicated that the blood supply of the ileum did not appear to have been 
adequate. Two of the patients developed temporary leakage of the cervical 
anastomosis. The fistula in each patient healed spontaneously without the 
development of a stricture. Inadequate antibiotic coverage was believed to be 
responsible for the leakage in the first case, as indicated by the fact that Pseu- 
domonas aeruginosa, for which no antibiotic therapy had been used, was re- 
covered when the cervical incision was reopened. In the other patient who 
manifested leakage of the cervical anastomosis, complete antibiotic coverage had 
been discontinued on the second postoperative day when the patient demon- 
strated evidence of renal insufficiency. Two other patients developed stricture 
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of the cervical anastomosis for which a plastic repair was required, 314 and 7 
months, respectively, following the right colon transplant. Another patient 
who developed intestinal obstruction caused by adhesions and kinking at the 
site of the ileotransverse colostomy was treated by releasing the obstructing 
adhesions 23 days after the colon transplant had been performed. One of the 
patients, in whom we had observed temporary leakage of the anastomosis, de- 
veloped an additional complication consisting of sudden apparent obstruction 
within the distal portion of the colon transplant after he had returned to his 
home. Distention of the colon transplant was evident in the cervical region, 
and the patient’s condition was critical. The cervical incision was reopened 
by his surgeon and the colon transplant, which was greatly dilated, was drained. 


Fig. 7.—Roentgenograms of right colon transplant (R. B., Case 86). The cologastric anasto- 
mosis has been placed close to the cardioesophageal junction. 


Immediate relief of the symptoms followed. The wound healed spontaneously 
and no subsequent symptoms have appeared. In this ease, the second in our 
series, the cologastrie anastomosis had been made close to the pylorus. Stasis 
within the colon transplant had been demonstrated by roentgen examination on 
the day preceding the apparent complete obstruction, but has not been evident 
during a subsequent examination. The stasis was attributed to the placement 
of the anastomosis too close to the pylorus. For this reason, the cologastrie anas- 
tomosis has been made at a higher point on the stomach in patients for whom 
this operation has been done subsequently (Fig. 7), and no further complica- 
tions of this type have been experienced. 
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Postoperative roentgen evaluation of the colon transplants has been made 
almost exclusively by Dr. M. M. Figley of the Department of Roentgenology. 
He has observed the ingested contrast material to pass freely but slowly through 
the transplant when the patient is in either the horizontal or upright position. 
Peristalsis has not been evident with the relatively small amount of barium 
that the children have swallowed. 

Because of our concern regarding the possibility of ulceration at the site 
of the cologastric anastomosis, a study of postoperative fasting gastric seere- 
tions has been made in all living patients who have been treated by this pro- 
cedure. Preoperative examinations of the fasting gastrie secretions have also 
been made in the last 4 of our patients. These examinations, first performed 
by Dr. Basil Hirschowitz, but chiefly by Dr. Ronald C. King in more recent 
patients, have consisted of evaluations of gastrie acidity and pepsin levels be- 
fore and after histamine stimulation. The differences observed between the 
preoperative and postoperative examinations have not been significant; but a 
striking and worrisome finding has been the unusually high gastrie acidity and 
pepsin levels in all cases both before and after histamine stimulation was applied. 
The preoperative gastric acidity, expressed as milliliters of tenth normal hydro- 
chlorie acid per 100 ml. of gastric juice, has varied from 39 to 104, with a 
mean of 71. Postoperative findings have varied between 0 and 112 ml. with 
a mean of 80. Following the use of histamine stimulation, these values have 
increased to a mean of 125 prior to the operation, as compared with a mean 
of 121 after the colon transplant had been effected. The pepsin levels have 
shown a corresponding elevation. These findings are of concern because they 
suggest that uleeration may develop in the stomach or in the colon transplant. 
Accordingly, postoperative gastroscopie examinations are being carried out by 
means of a cystosecope introduced through the gastrostomy track. So far, no 
evidence of ulceration has been observed. In one of these cases the 
gastrostomy tube was removed and the track was allowed to close. In the 
others, the gastrostomy tube is being kept in place in order to permit further 
studies of the stomach to be made. The high hydrochloric acid and pepsin 
findings in these eases suggest strongly that a concomitant vagotomy and pyloro- 
plasty should be performed at the time when the colon transplant is made. 
These adjuncts, however, have not been employed thus far in any of our eases. 


CONGENITAL TRACHEOESOPHAGEAL FISTULA 


In comparison with atresia of the esophagus, congenital tracheoesophageal 
fistula which is not associated with other anomalies of the esophagus occurs 
infrequently, being found in about 3 per cent of a combined group of eases. 
It is understandable, therefore, that this anomaly was first recognized much 
later than was esophageal atresia. The first case of tracheoesophageal fistula 
unaccompanied by an atresia was deseribed by D. S. Lamb,** in 1873. Lamb 
was Acting Assistant Surgeon of the United States Army at the time of his 
report. The specimen has been preserved in the Armed Forces Institute of 
Pathology, Washington, D. C. and a eurrent photograph of the specimen is 
reproduced in Fig. 8. Later in the same year (1873), Pinard*? and Tarnier** 
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independently presented another case which had been observed by both authors. 
In 1948, I was able to collect only 10 verified cases from the literature or from 
personal communications and, at the time of my report, 2 of my own cases 
were added.*” In a review of the English literature in 1954, Ware and Cross*” 
found 26 cases of this anomaly to which they added another ease. At the Uni- 
versity Hospital, 5 additional cases have been seen since my earlier report was 
made, making a total of 7 eases of the anomaly which have been treated in 
this institution. 


Fig. 8.—First reported case of congenital tracheoesophageal fistula without esophageal 
atresia, described by D. S. Lamb in 1873. Recent photograph of the specimen. (Courtesy of 
hoon ll uaa Institute of Pathology, Washington, D. C., Col. Joe M. Blumberg, saiariisl 

A characteristic finding in cases of tracheoesophageal fistula, in which other 
anomalies of the esophagus are not involved, is the considerably higher location 
of the fistula in the trachea than the level at which a tracheoesophageal fistula 
is found when accompanied by an esophageal atresia. In our 7 eases, the fistula 
was located in the mid-third of the trachea in 2 eases, and at the junetion of 
the middle and upper thirds of the trachea, or higher, in the other 5 patients. 
The fistulous tract between the trachea and esophagus is usually several milli- 
meters long, although this is not always the case. If there is a short traet, 
the opening into the trachea is usually situated in a more cephalad position 


than is the opening into the esophagus. The resulting obliquity of the fistulous 
tract, if present, may allow its walls to be approximated temporarily during 
swallowing and, if so, it probably accounts for the fact that a few infants 
have survived for a considerable period of time before surgical elosure has been 
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effected. A review of the literature, however, shows that the life expectancy 
of most untreated cases is relatively brief, being a matter of a few days or 
weeks. 

The symptoms of tracheoesophageal fistula were severe enough to have 
prompted the referral of the patients for treatment prior to the third week of 
life in 5 of the 7 eases. They were admitted on the first, second, third, sixteenth, 
and eighteenth days after birth, respectively. A sixth patient was referred 
on the thirty-sixth day of life; while the remaining patient in the series was 
almost 4 years old at the time of admission. 

Four patients were operated upon 6 days, 3 weeks, 7 weeks, and 4 years, 
respectively, after birth and the fistula was successfully divided and closed. 
A left cervical approach was used for 2 of the patients; the operation was done 
through an extrapleural thoracic approach in another patient, and an intra- 
pleural approach was used for the fourth. In another case, not listed in this 
series, a tracheoesophageal fistula was suspected and an intrathoracic explora- 
tion of the trachea and esophagus was made, but no evidence of fistula was 
found. The patient gradually improved, although feedings by gastrostomy 
were required for about a vear. 


In this presentation I have endeavored to relate some of the observations 
which have come to my attention regarding certain aspects of the anomalies 
under consideration. My observations, in general, are far from complete and 


indicate the need for further study of the many facets of the problem. Our 
results point to the desirability of developing improved techniques for the 
prevention of the complications of stricture at the anastomosis and recurrence 
of a tracheoesophageal fistula. As yet, comparative statistics are not available 
concerning the relative advantages of the intrapleural and extrapleural ap- 
proaches for esophageal anastomosis, especially in premature babies. I have 
referred to the problems that are current in the management of the infant 
with atresia when a partial agenesis of the lower esophagus exists. Most urgently 
required is an evaluation of the results of operations employing extensive mo- 
bilization of the esophagus or stomach. The late physiologic activity of the 
reconstructed esophagus has been deseribed, and preliminary observations con- 
cerning the late development of patients with esophageal atresia have been 
made. Further studies are needed in connection with the latter, especially be- 
cause one has to consider not only the treatment of the anomaly itself but also 
the development of the patient as a whole. Future advances in the prevention 
of the anomaly, as well as in its management, cannot be made by thoracie sur- 
geons alone. Teamwork with their colleagues in the allied basic and clinical 
sciences should be undertaken so that the many perplexing problems which 
invite further investigation may be solved. 
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ESOPHAGOPERICARDIAL FISTULA 
Report OF CASE AND REVIEW OF THE LITERATURE 
J. R. McDantEL, M.D., anp P. A. KNEppER, M.D. 
Str. JosepH, Mo. 


HK oceurrenee of an esophageal pericardial communication is so rare that 


it merits a report of a case in which a diagnosis was made during life and 


verified by autopsy. 
CASE REPORT 


H. C., a 60-year old man, was admitted to the hospital suffering severe upper abdominal 
pain. For several years the patient had had mild attacks of indigestion, which had been 
relieved by sodium bicarbonate. For two weeks prior to his hospital admission, he had 
had a severe cold and a hacking nonproductive cough. 

Five days before being seen at the hospital, he had experienced an acute pain in the 
epigastrium, radiating to both shoulders, which was not aggravated by respiratory move- 
ments or swallowing. This pain subsided spontaneously after about five hours. In re- 
curring attacks, the pain was less severe and of shorter duration. Four days prior to 
arriving at the hospital, the day following the onset of pain, the patient had passed several 
tarry stools. However, the bowel movements resumed a normal brown color over the ensuing 
period of time. 

On examination, the patient appeared to be critically ill and complained of upper 
abdominal pain. The skin was cyanotic and was wet with perspiration. The apical pulse 
rate was 176 beats per minute and irregular. The blood pressure was 90 mm. Hg systolie 
and 60 diastolic. The temperature was 97° F, 

At percussion the heart was shown to be slightly enlarged. There were crepitant rales 
over the posterior and lateral portions of both lungs. The abdomen was slightly distended 
without palpable masses or organs. There was moderate tenderness, with spasm, in the 
epigastrium and the right upper quadrant, but the remainder of the abdomen was soft 
with normal peristaltic sounds. The rectal examination disclosed no masses or tenderness. 
Soft brown feces were in the rectal lumen. 

The white blood cell count was 11,450, with 88 per cent polymorphonuclear neutrophils 
and 12 per cent lymphocytes. The red blood cell count was 4,060,000 per cubie millimeter 
and the hemoglobin was 12 grams. The hematocrit was 40 per cent. The urine was essentially 
normal. 

A portable x-ray film of the chest demonstrated heavy mottling in both perihilar re- 
gions. The lower portion of the right lung was diffusely hazy. The cardiac shadow was 
enlarged to the right and the left. A portable scout film of the abdomen showed very 
little gas in the intestinal tract and no free air in the subphrenie regions. 

An electrocardiogram revealed a supraventricular tachycardia. 

The working diagnosis was a neglected perforation of an upper abdominal viscus. 
Intravenous fluids and blood were given for shock, quinidine was given to restore normal 
‘ardiae rhythm, nasogastric suction was utilized to maintain decompression of the gastro- 
intestinal tract, and a mixture of penicillin and streptomycin administered parenterally to 
control infection. With this management, he improved markedly and was able to tolerate 
a full liquid diet and to sit up in bed. 


From the Department of Surgery; Thompson, Brumm and Knepper Clinic, St. Joseph, Mo. 
Received for publication Aug. 28, 1956. 
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One week after his admission to the hospital, the patient suddenly became dyspneic, 
cold, and clammy. On auscultation over the precordium, a tinkling sound could be heard 
with each systole. A portable x-ray of the chest demonstrated a large air bubble surrounding 
the heart (Fig. 1). Later, by fluoroscopy, this air bubble was accurately identified as occupy- 
ing the pericardial sac and, in the upright position, a fluid level could be seen just below 
the heart. <A pericardial aspiration obtained air and about 2 c.c. of fibrin-flecked fluid. An 
electrocardiogram showed elevation of S-T segments in Lead II and precordial Leads V, 
and V,, compatible with pericardial involvement. 

The patient’s condition again became stabilized, and efforts were undertaken to deter- 
mine the source of the hydropneumopericardium. Bronchoscopy and a bronchogram disclosed 
no communication between the pericardial sac and the respiratory tract. An esophagoscopy 
likewise showed no abnormalities. On the esophagogram, however, a communication was 
shown between the lower end of the esophagus and the pericardial cavity (Fig. 2). 


Fig. 1. Fig. 2. 


Fig. 1.—Roentgenogram of chest demonstrating air and fluid in the pericardial sac. 
‘ig. 2.—Esophagogram demonstrating an esophagopericardial fistula. H, esophagus. F, 
fistula. D, diverticulum of the fistulous tract. P, pericardial sac. S, stomach. 


Surgical closure of the fistula was advised but it was refused by the patient. During 
the third week in the hospital, he developed signs of congestive heart failure. This pro- 
gressed in spite of the use of digitalis, diuretics, and other supportive measures, and he 
died on the twenty-first hospital day. 

Gross examination: Autopsy examination showed a sinus tract opening on the anterior 
wall of the inner surface of the esophagus 3.5 cm. proximal to the cardia. The sinus open- 
ing was approximately 4 mm. in diameter. The esophageal mucosa appeared to dip into 
the opening. Exploration of this tract, with a probe, demonstrated that it penetrated the 
wall for a short distance, then bifurcated. One arm of the bifurcation passed caudad for a 
distance of 2 cm. where it ended blindly. The other arm passed slightly cephalad for a 
distance of 1.5 cm. where it penetrated the pericardial sac. The opening was about 1.0 
em. below the pericardial reflection from the posterior surface of the heart. On the inner 
surface of the esophagus, approximately 2 em. cephalad to the opening described above, there 
was another opening of similar caliber which led to a blind pouch about 1.5 em. long. The 
sinus tracts had thick, firm, and fibrous walls but there was no gross evidence of neoplasm. 
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The pericardial sac contained air and 25 em. of thin, turbid fluid. The visceral and 
parietal pericardium was covered with a thick yellowish-gray membrane which, when stripped 
off, disclosed an inflamed surface. The right ventricle and right atrium of the heart were 
dilated and the wall of the right ventricle was fat-laden. The remainder of the heart was 
not grossly abnormal. 

Numerous small, apparently recent, infarcted areas were present in the periphery of 
both lungs. 

The remainder of the gross examination was essentially normal for the patient’s age. 


Microscopic examination: Numerous sections taken from the esophagopericardial sinus 
tract failed to show a definite lining. There was marked inflammatory reaction of subacute 
and chronic type. In the inflammatory tissue were numerous crystals, presumably barium. 
The visceral and parietal pericardium showed an extreme inflammatory reaction with granu- 
lation tissue. The cellular infiltration consisted largely of plasma cells and lymphocytes 
with a few polymorphonuclear leukocytes. A thick layer of fibrinous debris lay on the 
surface. Crystalline material, presumably barium, was present. 

The microscopic studies of sections of the lungs confirmed the presence of recent 
infarcts. Marked passive venous congestion was seen in the liver and spleen. 


Sixteen additional cases of esophageal pericardial fistulas have been re- 
ported in the medical literature.t-? 1%-15 


ETIOLOGY 


In 4 of the cases! * 7 (ineluding the one just reported), benign, apparently 
idiopathic, ulcer of the lower esophagus eroded into the pericardial sac, pro- 
ducing the abnormal communication. Perforation of the esophageal and peri- 
cardial sac by a swallowed foreign body (often unrecognized) was a causa- 
tive factor in five instances.* © % 1% 15 These ineluded an occupational accident 
suffered by a sword swallower® and the unfortunate swallowing of false den- 
tures.* Carcinoma, evidently originating in the esophagus and extending to 
the pericardial cavity with subsequent formation of a fistulous tract, accounted 
for 5 eases.* * 1 ' Uleeration of a necrotic lymph node,* ulceration of a con- 
genital tracheoesophageal diverticulum, and trauma, incident to repair of diver- 
ticulum of the lower esophagus, resulted in one ease each.*® 


SYMPTOMS 
In carcinoma of the esophagus, progressively increasing dysphagia and 
weight loss were the rule. The formation of the fistula was usually followed 
by rapid decline of the patient. Occasionally the patient was aware of the 
tinkling, gurgling sounds made by the heart beating in the air and fluid-filled 
pericardial sac. Precordial pain and back pain were common. 


SIGNS 


It is much to the credit of the earlier clinicians that a diagnosis could be 
made on the basis of physical signs. (In later years, x-ray has demonstrated 
pneumohydropericardium.) Precordial tympany, shifting dullness over the 
precordium, splashing, churning, tinkling, metallic sounds, often heard at a 
distance from the patient, have been the more frequent physical signs. These 
various murmurs were synchronous with the heartbeat. Esophagogram has 
then demonstrated the tract. In 5 of the 17 cases, the true nature of the disease 
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was not recognized until autopsy. Postmortem examination was performed 
in all except one instanee.'* Here the symptoms were typical and x-ray findings 


characteristic. 
. TREATMENT 

In only one reported case was surgical intervention directed to the relief 
of this disability."* In this instance a diverticulogastrostomy had been done 
for the relief of a large diverticulum of the distal esophagus. Five months later 
an esophagopericardial fistula was demonstrated by esophagogram. Drainage 
of the pericardium was accomplished by a pericardiotomy and a feeding jejunos- 
tomy was done. After apparently satisfactory convalescence for two weeks, 
the patient succumbed to a massive pulmonary embolus. The esophagoperi- 
eardial fistula was confirmed by autopsy. 

It is reasonable to assume that with early recognition and careful prepara- 
tion of the patient, a fistula, due to trauma and nonmalignant disease, could 
now be treated sueceessfully by surgery. Autopsy in our own case demon- 
strated that the tract could have been repaired by careful dissection and layer- 
to-layer closure of the esophageal wall defect. A transpleural drainage of the 
pericardial sae probably would have suffieed to relieve the hydropneumoperi- 
eardium and pericarditis. 

SUMMARY 


A ease of esophagopericardial fistula of unknown etiology, recognized dur- 
ing life and confirmed by autopsy, is presented; a review of the literature dis- 
closes 16 other cases. 
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CONGENITAL SEGMENTAL EMPHYSEMA OF THE LUNG 
I. ALFRED BRECKLER, M.D. 
Los ANGELES, CALIF, 


NILATERAL emphysema occurring in the young, except for instances of 

foreign body or neoplasm, has been attributed to a ball-valve obstruction 
of a lobar bronchus. The obstruction is due to one of the following anatomic 
situations’: (1) inspissated mucus; (2) ball-valve flap of bronchial mucosa ; 
(3) abnormal and flaceid cartilaginous rings; and (4) bronchial compression by 
an abnormal vessel, (a) patent ductus arteriosus, and (b) aberrant pulmonary 
vein, 

Caffey,' in 1940, and, more recently, others® * have maintained that seg- 
mental emphysema is almost unheard of because cross aeration via the pores 
of Kohn would prevent disruption of alveolar continuity by maintaining nor- 
mal and uniform pressures within the pulmonary parenchyma. According to 
this point of view, the only mechanism by which segmental emphysema could 
occur would be in the face of enough inflammation to render the pores of Kohn 
impermeable. 

Orthodox embryology teaches that the tracheobronchial tree and paren- 
chyma develop from an outpouching of the foregut. The segmental bronchi 
‘orm by dichotomous branching until the terminal bronchioles are elaborated. 
The bronchi grow into a passive mass of supporting mesenchyme. The alveoli 
then proliferate from the tip of the terminal bronchioles. Whether there is a 
cellular lining to the adult alveolus is still debated.‘ 

It may be that the terminal bronchi do not elaborate alveolar tissue at all. 
It is attractive to imagine that the same relationship of alveolus to terminal 
bronchus exists in the lung as glomerulus to nephron in the kidney. Rose was 
one of the first to postulate such a concept according to Waddell, who has 
added convincing experimental evidence to substantiate this theory.’ Using 
special glycogen staining techniques, he showed that distal to the most periph- 
eral bronchus, islands of primitive mesenchyme coalesce and canalize to form 
terminal bronchioles and alveoli. These tissues then connect with the distal 
bronchial buds of the bronchial tree. 

Thoracic mesoderm obtained from guinea pig fetus was transplanted to 
the anterior chamber of the eye of adult guinea pigs. This tissue developed 
into normal lung, or showed evidences of emphysema, cyst formation, and 
bronchiectasis dependent on the integrity of the blood supply nourishing the 
transplant. 


: Formerly, Chief of Thoracic Surgery, Parks Air Force Base, California; Associate Attend- 
ing Surgeon of City of Hope, Duarte, Calif.; Adjunct in Surgery, Cedars of Lebanon Hospital, 
los Angeles, Calif. 

Received for publication Aug. 23, 1956. 
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Fig. 1. 


Fi 1.—Posteroanterior view of the chest (Case 1) which shows marked overaeration 


g. 
of the left hemithorax. 


Fig. 2.—Case 1. This aqeuous Dionosil bronchogram shows all segmental bronchi of the 
left upper and lower lobe to be present but compressed. 
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If these observations can be applied to clinical material, a dynamic and 
easily understood mechanism for the production of certain congenital lesions 
of the lung ean be found. It is the purpose of this report to record 2 cases 
which may support the embryologic concept that pulmonary parenchyma is 
derived from fetal mesoderm. 

CAsE 1.—A 25-year-old white man complained of one bout of blood-tinged sputum, in- 
creasing fatigability, and dyspnea. The percussion note was increased over the entire left 
hemithorax and there were left-sided emphysematous breath sounds, A posteroanterior 
roentgenogram of the chest revealed diffuse left-sided emphysema (Fig. 1). Bronchoscopy 
revealed normal structures. All bronchi had cartilaginous rings of normal consistency, A 
bronchogram demonstrated that all segmental bronchi were present but markedly com- 
pressed (Fig. 2). 


Fig. 3.—Case 1. Microscopic appearance of the tissue obtained at surgery which illustrates 
a picture of typical emphysema. 


The lower lobe, at thoracotomy, seemed to consist of a mass of emphysematous lung 
tissue which filled the entire hemithorax, compressing the upper lobe as well. Attempts to 
isolate a segmental or lobar bronchovascular pedicle leading to the emphysematous mass 
were unsuccessful. There was a similar area of emphysema in the upper lobe which did 
not appear to be as extensive as the one in the lower lobe. It was elected not to resect 
this area because of the fear that the remaining normal tissue would not fill the hemithorax. 
With the lung well inflated, a retrograde dissection was begun, incising the pleura along 
the margins of distended and emphysematous lung tissue. Quite promptly and dramatically, 
the entire mass of emphysematous lung literally fell out of the lung. A normal lower lobe 
then expanded and filled the defect. A minute inspection of the surgical specimen and the 
raw surface of the lower lobe revealed only one bronchial orifice of no more than 0.5 mm. 
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diameter, arising from the normal segmental surface. This structure did not come from the 
pulmonary hilus. Everywhere along the raw cleavage planes air bubbled from minute pores. 
The segmental surfaces were left open. The patient made an uneventful récovery. Micro- 
scopic examination of the tissues revealed only emphysema with no other striking abnor- 
malities (Fig. 3). 

Within two months it was obvious from x-ray examination of the chest that the previ- 
ously compressed emphysematous tissue in the upper lobe had expanded to fill the left 
chest. Re-exploration was done, As suspected, the emphysematous mass in the upper lobe 
had expanded to fill the hemithorax. Without investigation of the hilus, the mass was 
peeled out of the upper lobe in a retrograde fashion. There was not a single bronchus seen 
nor was there any evidence of a bronchovascular pedicle. There was a diffuse air leak 
along the entire segmental plane but the surfaces were left open in order to conserve lung 
volume. Postoperatively, the air leak persisted and on the fifth postoperative day, the 
patient was returned to surgery and the upper lobe was oversewn. The patient then made 


an uneventful recovery (Fig. 4). 


Fig. 4.—X-ray of the chest (Case 1) following the last operation. There is no longer evidence 
of emphysema; however, the mediastinum is still shifted to the right. 

Discussion.—There was evidence in this case that a mass of emphysematous 
lung tissue resided in both lobes of otherwise normal lung. There were few if 
any bronchial structures leading into these masses. It was demonstrated that 
the aeration of the inelastic emphysematous tissue occurred via pores which 
communicated across segmental planes. Without bronchial structures of suf- 
ficient diameter to allow free flow of air, gases were trapped in this tissue 
which then expanded and compressed normal lung. Effective aeration of the 
entire left lung was impaired. 

To postulate the origin of the emphysematous tissue from developing 
bronchi in this case would require the assumption that there was almost 
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complete regression or absorption of primary segmental bronchi in utero. Fur- 
thermore, bronchoscopy and bronchography demonstrated a normal comple- 
ment of left segmental bronchi. Sinee there was an absence of terminal bron- 
chioles, bronchospasm could not have been an etiologie agent in the production 
of the emphysema. 


It seems more logical to consider that a mass of undifferentiated mesen- 
chymal tissue differentiated to pulmonary parenchyma, but did not connect 


with a normal segmental bronehus. 


Fig. 5. Fig. 6. 
Fig. 5.—Case 2. Posteroanterior x-ray examination of the chest illustrates the right 
pneumothorax and marked mediastinal shift. 
Fig. 6.—Case 2. Several hours after catheter drainage of the chest has been instituted, 
the mediastinal shift has not been corrected. 


CASE 2.—A male, weighing 8 pounds, 7 ounces, was delivered from a 20-year-old white 
para i, gravida ii. The first stage of labor lasted eleven hours and thirty minutes and the 
second stage twenty minutes, The infant breathed spontaneously in one minute and no 
resuscitation was required other than routine gentle aspiration of the posterior pharynx. 
Several hours after birth, attendants noted that the infant’s color had become ‘‘dusky’’ 
and that the child was in respiratory distress. An x-ray taken within the hour revealed a 
right pneumothorax with a marked mediastinal shift to the left (Fig. 5). Breath sounds 
were diminished over both sides of the chest, the neck veins were distended, and the ehild 
appeared moribund, The right hemithorax was aspirated of air with immediate improve- 
ment in the infant’s condition, but after the needle had been withdrawn and before a 
catheter could be inserted, the child again became cyanotic, <A large polyethylene catheter, 
the lumen of which accepted a 16-gauge needle, was inserted into the chest and connected 
to underwater seal drainage. Air bubbled vigorously into the tubing and continued to do 
so for several hours. During this time the child’s condition did not appreciably improve. 
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Cyanosis and distention of the neck veins remained. It was obvious that the child was 
tiring. X-rays revealed that the mediastinal shift had not been corrected (Fig. 6). The 
possibility that a lung cyst, as well as a pneumothorax, was present was eonsidered. The 
day after birth, thoracotomy was performed. 

Even with controlled endotracheal aeration, the cyanosis did not disappear until the 
chest was opened, The right hemithorax was free of adhesions, there was no fluid present, 
and there were patchy areas of atelectasis in the upper and middle lobes. The lower lobe 
was completely aerated and was normal except for the anterior basal segment which was 
covered with emphysematous blebs. One of these blebs had ruptured and there was a 3 
mm, communication through which air was escaping. 


Fig. 7.—Case 2. Postoperative appearance of the chest six weeks after thoracotomy. The 
right lung is well expanded and the mediastinum is not deviated. 


The anterior basal segment bronchus was occluded with an atraumatic clamp and air 
continued to escape, indicating intact pores of Kohn and segmental cross aeration. The 
segment was occluded along the segmental plane with a vascular clamp and air continued 
to escape, indicating that the bronchus was patent. The area was oversewn and immedi- 
ately, upon securing the air leak, the upper and middle lobes expanded. For the first time 
cyanosis was no longer present. The chest was closed and drained with underwater seals 
and the child made an uneventful recovery. 

Discussion.—Respiratory complications are an important cause of death 
in the first days of life. Landing® has studied 125 consecutive deaths of new- 
born infants and reports that 2 per cent showed severe evidence of paren- 
chymal emphysema and 7 per cent interstitial emphysema, severe enough to 
cause death. Six of 14 infants with immediate pneumothorax, described in 
the world literature and reported by DeCosta, succumbed.’ All were treated 
conservatively. Davis and Stevens® found 6 cases of pneumothorax in the rou- 
tine x-ray examination of 702 consecutive newborns. Forcible resuscitation 
seems to be the most frequent agent producing these abnormalities.® 
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There appears to be general agreement that most instances of localized 
‘\bstruetive emphysema are due to an obstruction of a lobar bronchus. Seg- 
mental emphysema due to obstruction, without inflammation, is almost impos- 
sible to produce because of the rich segmental cross circulation of air. A single 
‘ase of segmental emphysema in a young child has been reported by Shaw.*° 
‘fe deseribed a flaccid segmental bronchus leading to the segment but did not 
‘xplain why cross aeration failed to prevent emphysema. In 1878, Ruge may 
ave described a case similar to ours, with a 3 em. perforation of an emphy- 
sematous bleb.? Our case of segmental emphysema in a newborn infant oc- 
‘curred in the absence of forcible resuscitation, inflammation, or bronchial 
obstruetion. In contrast to Case 1 where the emphysematous lung had no bron- 
chial communication, Case 2 must have gone to the stage of alignment of bron- 
chus (endoderm) to alveoli (mesoderm). There was no evidence that me- 
chanical factors produced the emphysema since adequate cross aeration was 
demonstrated. The defect must have been distal to the bronchus and develop- 
mental rather than obstructive. It is postulated that the segmental emphysema 
was the result of a developmental defect occurring in mesoderm differentiating 
into lung tissue. To document this, Waddell’ has presented experimental evi- 
denee that pulmonary parenchyma is derived from undifferentiated mesen- 
chyme into which the bronchial tree proliferates. Areas of emphysema and 
cystic disease appear in fetal mesenchymal transplants when the blood supply 
is inadequate. 

SUMMARY 


Two cases of segmental emphysema are presented. In one case, masses of 
emphysematous tissue resided in otherwise normal lung without bronchial com- 
munication. In the other case, segmental emphysema in a newborn infant oc- 
curred without evidence of bronchial obstruction and in the presence of cross 
aeration. It is suggested that these abnormalities are congenital and best ex- 
plained by the concept that lung is derived from two sources, mesoderm and 
endoderm. 
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DESMOID TUMOR OF INTERCOSTAL MUSCLES AND THORACIC 
WALL 
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JoHN R. McDona.p, M.D.*** 
RocHESTER, MINN. 


ESMOID tumors do not occur commonly. They are usually found in mus 

eles of the anterior abdominal wall, but have been reported as arising 
from a wide variety of other muscular sites. We have recently encountered 
a large desmoid tumor that arose from the intercostal museles of the right 
upper thorax. Sinee we have been unable to find any previous report of a 
desmoid tumor that involved the thoracic wall, it seemed worth while to re 
port this ease. 

CASE REPORT 

A 27-year-old white woman first came to the Mayo Clinie for medical advice on Feb. 
14, 1956. Her family history was not significant. She had been married seven years. There 
had been no previous pregnancies, but the patient was in the sixth month of pregnancy at 
the time. In November, 1954, she had sustained some injury to the right side of the 
thorax in an automobile accident. Apparently the injury had not been severe; thoracic 
roentgenograms taken at the time of the accident were reported as not disclosing any ab 
normality, and the patient was not incapacitated by the injury. 

The patient had first noticed pain in the right upper part of the thorax in May, 1955. 
The pain gradually increased in severity and began to extend into the right shoulder and 
down the right arm. She first consulted a physician on Dee, 16, 1955. She had no cough or 
dyspnea. She had lost 13 pounds during recent months, rather than gaining weight as 
would have been expected in view of her pregnancy. <A thoracic roentgenogram had _ re- 
vealed an abnormality in the right upper part of the thorax. Antibiotics had been admin 
istered for several days without benefit. Thoracentesis was performed on Dee. 18, 1955, 
but no fluid or tissue was obtained. On Jan. 14, 1956, an exploratory thoracotomy was 
performed elsewhere. An extensive tumor involving the right upper thoracie wall was found. 
A biopsy specimen was removed and the tumor was diagnosed as a low-grade fibrosarcoma. 
The tumor was considered inoperable and the thoracotomy wound was closed. The patient 
recovered promptly from this operation, and when first seen at the Mayo Clinic, on Feb. 14, 
1956, she appeared to be in satisfactory condition. 

Physical examination on admission disclosed a well-healed thoracotomy scar on the 
right. There were dullness and decreased breath sounds over the right side of the thorax. 
The size of the uterus was compatible with that of the sixth month of pregnancy. Examina- 
tion otherwise gave negative results. Also, the results of routine laboratory studies of the 


blood and urine were negative. The thoracic roentgenogram revealed evidence of fluid 
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| the right pleural space and a lobulated mass in the right upper part of the thorax (Fig. 


Thoracentesis was performed and clear fluid was aspirated. Routine culture and 
vtologie examination of this fluid gave negative results. 

The tissue that had been removed for pathologic examination at the previous thoracot- 
Clinie pathologists thought that the tissue represented non- 


uy was obtained and reviewed. 
ecifie fibrous proliferation rather than true fibrosarcoma. Accordingly, re-exploration of 


fe 


Fig. 1.—a and b, Posteroanterior and lateral roentgenographic views showing mass in right 


upper portion of thorax and fluid in right base. 


5 ES ED BATA STI 
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Fig. 2.—Gross specimen removed at operation. The pleural surface is shown. 


he thorax for possible removal of the tumor was performed on Feb. 20, 1956. The thorax 
vas opened through the bed of the previously resected fifth rib. A large, firm, ovoid, 
subpleural mass was found in the upper right portion of the thorax. It involved the first 
hree ribs posteriorly and extended anteriorly to the cartilages ef the first two ribs. It was 
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completely removed by means of a block resection of the first three ribs and their inte:- 
costal muscle bundles. There was no direct invasion of the brachial plexus or subelavian 
vessels by the tumor. No attempt was made to close the defect in the thoracic wall. it 
was felt that the clavicle, scapula, and shoulder-girdle muscles would provide adequate pr; 
tection of the lung. The postoperative course was satisfactory, and the patient was di 
missed on the tenth postoperative day. 


Fig. 3.—a, Section of tumor showing interlacing bands of fairly cellular fibrous tissue 
(hematoxylin and eosin; X150). 

b, Invasion of skeletal muscle is evident near periphery of tumor. There is also evidence 
of some degeneration of muscle bundles and focal chronic inflammatory infiltration (hema- 


toxylin and eosin; X110). 


The gross surgical specimen consisted of a 14-cm. portion of the second, third, and 
fourth ribs, with an attached ovoid mass that measured 10 by 7 by 6 cm. (Fig. 2). The 
bulk of the mass extended in a subpleural direction, and the pleura covering the inner 
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surface was thin, but intact. There was no evidence of extension into the subcutaneous 
tissue. The tumor apparently arose from tissue in the third intercostal space, which it 
completely replaced. It extended above to the second and below to the fourth intercostal 
space. There was no evidence of bone involvement. No encapsulation was seen at the 
periphery; rather, the adjacent muscle was diffusely infiltrated and replaced by the tumor. 


The mass cut with a rubbery resistance, and the cut surface presented interlacing bands 
of fibrous tissue, giving it a ‘‘whorled’’ appearance. In some areas the tissue between 
the septa was slightly more pale than elsewhere and presented a glistening surface. There 
were no areas of hemorrhage, nor were cystic changes noted. 

Histologically, there were interlacing bundles of cellular fibrous tissue. The individual 
cells were plump and spindle-shaped. Mitotic figures were rare, and when seen did not 
appear atypical (Fig. 3, a). Numerous small blood vessels were seen in some parts of the 
tumor. Toward the periphery of the sections, skeletal muscle was seen to be diffusely in- 
filtrated by the tumor (Fig. 3, b). The muscle in these zones appeared to be in various 
stages of degeneration, as evidenced by swelling, loss of cross striations, and decrease in 
number of nuclei. A few giant cells were found in the muscle. 

The general histologic picture was that of actively proliferating fibrous tissue, without 
encapsulation, invading and replacing muscle, but lacking cytologic evidence of malignancy. 


COMMENT 


Pack and Ehrlich*® defined a desmoid as ‘‘an unencapsulated, infiltrating 
fibroma of fascial or aponeurotie origin with a microscopic appearance which 
varies from that of an acellular fibroma to that of a cellular, low-grade fibro- 
sarcoma.’’ The concept that desmoid tumors arise from fibroblastic prolifera- 
tion in the deep fascia between muscles or in aponeuroses is generally ae- 
cepted.» * & 9 

The incidence has been variously reported. Pack and Ehrlich reported 
17 cases of desmoid tumor in various locations in 50,346 admissions for neo- 
plastic disease at the Memorial Hospital between 1917 and 1943. Musgrove and 
McDonald? reported that 85 desmoids of the abdominal wall and 45 in other 
sites had been encountered at the Mayo Clinic in the period 1906 through 1945. 
In most reported series, desmoids are said to have occurred in the abdominal 
wall three or four times as frequently as in extra-abdominal locations. 

Females are affected about five to seven times as frequently as males, 
chiefly because of the preponderance of the more common tumors of the ab- 
dominal wall in females. However, Musgrove' found that even the extra- 
abdominal tumors occurred about two and one-half times as often in females 
as in males. As a rule, desmoid tumors tend to occur in females more frequently 
during the childbearing age, namely 20 to 40 years. In males they most 
often oceur between the ages of 40 and 60 years.» * ° 


Etiology.—There are two current concepts of the etiology of these tumors. 
The first concerns the association of trauma. A history of trauma ean be ob- 
tained in a sizable proportion of eases. As in our case, it may be a blow of 
varying severity which precedes the diagnosis of the tumor by a short or rela- 
tively long period. Similarly, the occasional location in an old operative scar 


has been noted by several authors.” * 7 Trauma to the muscles of the abdominal 


wall during pregnancy and parturition has been implicated, the mechanism ap- 
parently being rupture of muscle fibers and secondary fibroblastic proliferation 
in the resulting hematoma. 
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The second coneept of etiology is that the tumors are in some way related 

to the endoerine system. It has been a repeated clinical observation that des- 
moids of the abdominal wall tend to oeeur in women who have borne ehildren. 
Furthermore, in Pack and Ehrlich’s series of 17 abdominal desmoid tumors, 
all female patients except one had noted their tumor either during pregnancy 
or within one year following delivery. Stout’ reported 12 cases from the Pres- 
byterian Hospital in New York in 1948. All these patients were women; 8 
had borne children, 2 had not, and in 2 this factor was not known. According 
to Pack and Ehrlich, Gesehieter and Lewis, in 1935, suggested a hormonal rela- 
tionship and pointed out the similarity of desmoids to uterine fibroids and 
fibro-adenomas of the breast. In assay studies they showed that each of these 
tumors has the ability to concentrate pituitary and estrogenic hormones. Further 
support of this theory ean be gained from the fact that irradiation of an 
abdominal-wall tumor when given in doses large enough to produce castration 
in the female has resulted in regression of the tumor in some eases. Pack 
and Ehrlich expressed the belief that this is significant since the tumors are 
definitely radioresistant in males. They reported a case of desmoid tumor of 
the shoulder which regressed following irradiation of the ovaries. We know 
of no reported case in a male in which the condition was treated by castration. 
According to Musgrove, Lipschutz produced uterine fibroids in guinea 
pigs by use of estrogenic substanees. The tumors regressed when the admin- 


istration of estrogens was stopped. Furthermore, he showed that testosterone, 
progesterone, and desoxycorticosterone can prevent the formation of these 
experimentally produced uterine fibroids in guinea pigs. We are not aware 
of any reported case in which hormonal therapy was used in the treatment of 
one of these tumors. Whether or not a direct etiologic relationship to estrogenic 
substanees exists, or whether the tumor is hormone-dependent, as these studies 
suggest, is a question that is as vet unanswered. 


Pathology —F rom a gross pathologie standpoint desmoid tumors are firm 
and usually unencapsulated. They tend to invade and replace adjacent mus- 
cle tissue. They are ovoid and seem to extend in the direction of the muscle 
fibers. The cut surface shows ‘‘whorls’’ much like uterine fibroids. Their 
color varies from gray or white to yellow. The blood supply is usually seant, 
but, unlike other tumors with poor blood supply, they seldom undergo necrosis 
unless malignant change, which is rare, has occurred. 

Histologically, the tumors present a fibroma-like appearance; cellularity 
is varied, but many dense collagenous strands make up the bulk of the tumor. 
Striated muscle in various stages of atrophy is seen near the periphery. Tumor 
giant cells are absent, and no pathologie mitotic figures are seen, although rarely 
a normal one ean be found. Though locally invasive, the tumors are histolog- 
ically benign. 

According to Waugh,® Musgrove and McDonald,* Pearman and Mayo’ and 
others, these tumors, regardless of their anatomic location, are identical in 
morphology and behavior. 
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The current treatment® involves radical block resection of the tumor and 


a surrounding area of normal-appearing tissue, when anatomically possible. 


Dissection of contiguous lymph nodes is not necessary, since the tumor enlarges 
by direct invasion and does not metastasize. While there are insufficient data 
and experience to warrant the advocation of radiation castration or the ad- 
ministration of hormones as primary treatment, the endocrine relationship noted 
previously seems worth remembering. Radiation therapy is apparently not 
effective, except in certain instances in which castration is incidental to the 
treatment. It is well to emphasize that although few patients die from the 
effects of the tumor, the rate of local reeurrence is very high, being in the 
neighborhood of 60 per cent for tumors loeated in the abdominal wall and 
about 75 per cent for those located extra-abdominally. 


SUMMARY 


A case is reported in which an extra-abdominal desmoid tumor, of the 
upper thoracie wall, was successfully removed. The tumor occurred in a young 
woman and was discovered during pregnancy. Trauma had been experienced 
at the site approximately 1 year prior to discovery of the tumor. Factors of 
age, ineidence, etiology, pathologic diagnosis, and treatment of the condition 
are briefly discussed. 
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INFECTED PATENT DUCTUS ARTERIOSUS WITH MASSIVE LUNG 
INFARCTION 


JEROME A. Cope, M.D., AND RoBert G. ELuison, M.D. 
Avuausta, GA. 


HE surgical treatment of patent ductus arteriosus is now a well-established 

procedure since the original demonstration of its relative safety and prac- 
ticality by Gross’ and others. Because of the low mortality rate associated 
with surgical correction and the high morbidity rate associated with untreated 
patent duecti, most cases, at the present time, are recommended for surgical 
treatment. The complications, attendant on untreated ducti, are serious, dis- 
abling, and may prove fatal. Prominent among them are pulmonary hyper- 
tention with possible permanent pulmonary vascular changes, heart strain 
with possible cardiac failure, and infection. The implications of an infected 
ductus arteriosus are well known. The ease reported here is of such a patient 
who developed subsequent pulmonary infarction. 

Betts and Thomas’ reported a similar occurrence treated by division of 
the ductus and segmental resection of the infarcted lung. Gilchrist’ discussed 


a 23-year-old woman dying with septicemia and lung infarction. Gross* ob- 
served a 2-week-old child at autopsy with a large thrombus in the ductus with 
right upper lobe infaretion and other peripheral emboli. Hamilton and Ab- 
bott® reported a 19-year-old girl with infected ductus and massive pulmonary 
infarction. We have been unable to find in the literature a report of a patient 
with massive pulmonary infarction treated by pneumonectomy and division 
of the patent ductus. 


CASE REPORT 


Mrs. F. O., a 35-year-old white woman, was admitted to the hospital on Sept. 12, 1955. 
The present illness had begun three weeks prior to admission with left anterior chest 
pain of a pleuritic nature, followed in several hours by hemoptysis in moderate amounts. 
With the onset of pain and hemoptysis, she became dyspneic. Hemoptysis had persisted 
but in a lessening degree up to the time of admission. With the present illness she had 
fever, occasional chills, and a weight loss of 7 pounds. In addition she was 744 months 
pregnant with her fifth child. The past history was not contributory. 


Physical Examination.—The blood pressure was 110/70 mm. Hg, temperature 100° 
F., pulse 100, and respirations 24. The general appearance was that of a poorly nourished, 
cachectic, chronically ill, white woman who appeared in moderate pain with respiration. 
Examination of the lungs revealed bronchial breath sounds at the left base and di- 
minished excursion of the left chest. There was a Grade 1 systolic murmur heard 
at the pulmonic area. There was no obvious cardiac enlargement. Examination of the 
abdomen revealed a uterine pregnancy with a viable fetus, There were no varicosities. 
The remainder of the physical examination was not contributory. 
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Laboratory Data.—The red blood count was 3.48 million; hemoglobin, 9.5 Gm.; white 
lood count 9,500 with 88 per cent neutrophils. Urinalysis was negative. Blood electrolyte 
studies were within normal limits. The total proteins were 5.9 Gm. per cent with a normal 
lbumin-globulin ratio. Febrile agglutinations were negative; stool was positive for hookworm 
ova; urine culture revealed Proteus organisms. Repeated sputum examinations were negative 
‘or acid-fast bacilli. Blood culture, done on Sept. 13, 1955, revealed no growth. An x-ray 
made on admission revealed a soft diffuse infiltrate in the left upper lung field (Fig. 1). An 
‘lectrocardiogram revealed left ventricular hypertrophy. 


Hospital Course——Because of the initial impression of pulmonary tuberculosis, this 
patient was placed in a contagious disease section; however, skin tests and sputum exam- 
inations were negative for tuberculosis. Her general condition continued to deteriorate. 


Fig. 1.—Chest x-ray on admission which shows soft infiltration in left mid-lung field. 


She became more febrile and continued to lose weight in spite of oral and parenteral 
antibiotics, One week after admission she was seen in consultation by the Thoracic 
Surgery Staff which was impressed by the prominence of the pulmonary conus. Fluoroscopy, 
however, revealed no active pulsations in this region, Left ventricular hypertrophy and 
immobility of the left diaphragm were noted. Bronchoscopy revealed the presence of 
purulent secretions in the left tracheobronchial tree. Further auscultation of the chest 
at this time revealed a continuous machinery murmur in the left second interspace, charac- 
teristic of patent ductus arteriosus; in addition, her blood pressure was now 105/50 mm. 
Hg. It was thought that the patient’s symptoms and subsequent course could be ex- 
plained on the basis of an infected patent ductus arteriosus with left lung infarction. 
Due to her poor general condition, however, surgery was deferred. She was placed on 
9 million units of penicillin intravenously daily in an attempt to sterilize the blood stream 
and improve her general status. Ten days of this therapy effected no particular change. 
She remained febrile and the lung became progressively worse roentgenographically 
(Fig. 2). An angiocardiogram (Fig. 3) demonstrated enlargement of the main and right 
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Fig. 2.—Preoperative chest x-ray which shows progression of infiltrative process. 


Fig. 3.—Angiocardiogram which demonstrates failure of filling of the left pulmonary artery. 
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pulmonary artery. There was no filling of the left pulmonary artery. This was further 


confirmed during fluoroscopy using the image amplifier which revealed no pulsations in the 
left hilus but a characteristic hilar dance in the right hilum, Since the patient’s condition 
was deteriorating in spite of vigorous medical therapy, surgical intervention was electe.l 
as a desperate measure. 

She had a normal, spontaneous labor and delivery three weeks after admission. 
From the obstetrical standpoint she did well post partum. The baby was healthy and 
had a normal neonatal course, 

Operation.—Oct. 19, 1955, three weeks after birth of her child, under general endo- 
tracheal anesthesia, the patient had an exploratory operation performed through a left 
posterolateral thoracotomy. The left lung was densely adherent to the entire chest wall 


Fig. 4.—X-ray of the left lung revealing consolidation and gangrenous areas. A cut section of 
the lung exhibited most of the arterial bed obliterated with varying stages of thrombosis. 


and diaphragm and was airless, with the exception of a small part at the extreme apex. 
The lung was consolidated, dark in color, and portions of it appeared gangrenous (Fig. 4). 
It was mobilized with difficulty after considerable blood loss. When access to the hilum 
had been gained, a harsh continuous thrill was readily palpable in the region of the ductus. 
The left pulmonary artery was enlarged, firm and nonpulsatile, thus confirming our im- 
pression of a thrombosis of the left pulmonary artery with left lung infarction. Sinee it 
was obvious that the left lung was totally destroved, a pneumonectomy was done. The 
large pulmonary artery was divided after placing a Satinsky clamp at the pericardial re- 
flection. The artery was filled with thrombus, portions of which had to be removed to 
facilitate suture closure. The duetus arteriosus was involved in severe periduetal inflam- 
mation and was found to be approximately 2 em. in diameter and 0.5 em. in length, with 
an aneurysmal dilatation at the aortic end. Due to the extremely short length of the 
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ductus, the aorta was mobilized and a Potts-Smith aortic clamp placed about the aortic 
end of the ductus, The pulmonary artery end was clamped with a curved Potts ductus 
clamp. The ductus was divided and suture closure was obtained without difficulty. 

The patient’s condition was precarious during the entire procedure and after re- 
moval of the aortic clamp her condition deteriorated still further. The blood pressure 
was no longer obtainable. The heart rate was 40 and the monitoring electrocardiogram 
revealed extreme T-wave changes suggestive of hyperpotassemia. The T waves reverted 
to normal after intravenous administration of glucose and insulin. Although there was 
still considerable bleeding from the chest wall, the incision was hastily closed after in- 
serting a thoracotomy tube. After several hours in the recovery room, the patient’s con- 
dition gradually improved and, henceforth, her immediate postoperative course was satis- 
factory. For the first time in her hospital stay she was afebrile and remained so for five 
days, postoperatively. At this time, with cessation of the continuous intravenous peni- 
cillin, she became febrile. In spite of this, however, she was clinically markedly improved. 


Fig. 5.—Hilar view of the left lung revealing thrombosis (arrow) in the pulmonary artery. 


A temperature of 100° F. to 101° F, continued in spite of various antibiotics until she 
was placed on 8 million units of penicillin V by mouth, daily, When penicillin was dis- 
contiuued after thirty days she remained essentially afebrile with only an occasional slight 
temperature elevation. Repeated blood cultures were negative, as were studies of the 
pleural fluid. Because of the occasional low-grade fever, the patient was discharged on 
900,000 units of oral penicillin, daily. 

She was last seen seven months postoperatively, when she was doing well, afebrile, 
and essentially asymptomatic, except for slight exertional dyspnea which did not prevent 
her leading a relatively normal life. 

Discussion—This patient presented several interesting features. On admission a 
murmur characteristic of a patent ductus arteriosus was not heard, This fact was verified 
by several observers. One week later a typical ductus murmur was present, We believe 
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is probably represents diminished or absent flow through the ductus due to vegetations 
the ductus and/or pulmonary artery. After further embolization with subsequent 

earing of the ductus, flow was again re-established and the typical murmur was present. 


This patient still had a Grade 1 systolic murmur in the pulmonic region, This is ap- 
rently the murmur originally heard on admission and probably is due to a relative 


; monary stenosis. 


Our supposition that the lung became infarcted from a diseased ductus may be 


- bjeet to critical doubt, However, no other source of emboli is or was apparent. The 


tremities revealed no evidence of vascular disease. There were no hemorrhoids or 
idence of pelvic phlebitis. Also, the continued insult to the left lung would bespeak 


i ore of ductal origin than mere chance localization in the left lung from a peripheral 


souree. 


li 
vatient was successfully treated by simultaneous division of the ductus 


SUMMARY 


The occurrence of a patent ductus arteriosus with infection and massive 
‘ft lung infaretion in a 35-year-old woman is reported and discussed. This 


arteriosus and pneumonectomy of the infarcted lung, a combination of therapy 
which we have not seen previously reported. 
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CONSERVATIVE TREATMENT OF BRONCHOPLEURAL FISTULA 
AFTER PULMONARY RESECTION 


CarLos R. PacneEco, M.D., ERNESTO GonGorRA, M.D., Octavio Rivero, M.D., anv 
LEON GREEN, B.S. 
Mexico City, Mexico 


INTRODUCTION 


HE incidence of bronchopleural fistulas after pulmonary resection has d¢ 

creased due to a better management of the elements of the lung hila dw 
ing surgery, with better individual handling of each of its components; to the 
hetter postoperative care of the patient, helping re-expansion of the lung soo: 
after surgery; to aspiration of infectious seerctions and prevention of anoxia: 
and, mainly, to the discovery of antibiotics and antituberculous drugs. 

Raymond and collaborators' report an ineidence of 12 per cent in bron- 
chopleural fistulas after lobectomy, and 12 per cent after segmental resection ; 
Chamberlain,’ differentiating between bronehopleural fistulas and leakage ot 
alveolar air, reports an incidence of 5.3 per cent of fistulas in 300 cases, fol- 
lowed from one to five years; Sanchez Ramirez and co-workers,’ found, among 
879 patients from the National Institute of Pneumology, 39 bronchopleural 
fistulas in 280 pulmonary resections, or 13.9 per cent. In our series of 125 
cases of pulmonary resection, due to various ailments, we found 15 broneho- 
pleural fistulas, or a 12 per cent incidence. 

When the fistula appears early after surgery,! within the first ten days, 
it is considered to be due to a defect in the suture of the bronchial stump and, 
therefore, empyema appears secondarily. 

If an empyema appears, primarily, due to finding its way through a weak 
point in the bronehial suture eroding through the wall, the fistula then ap- 
pears as a consequence of the empyema. 

Stemmermann, Daniels, and Auerbach,’ studying the pathogenesis of 
hbronchopleural fistulas after pulmonary resections due to tuberculosis, found 
the following possibilities: (1) erosion of the suture by an extrinsic lesion 
such as a tuberculous empyema or, far less frequently, by tuberculous hilar 
glands and, (2) erosion of the suture by an intrinsic weakness of the bronehial 
stump (early fistula), or, in a few cases, by a tuberculous cavity in the oppo- 
site lung that eventually infected the bronchial suture contralaterally. 

We must add to this the extension of neoplasms to the bronehial stump,® 
when an incomplete excision of the lung has been made due to cancer. 

The most important signs for the diagnosis of bronehopleural fistulas, 
mentioned by various authors* 7 and ones that we have found in our experi- 
ence are as follows: (1) reappearance of fever, (2) hematopurulent or mucopu- 
rulent sputa, (3) inerease of the pneumothorax or change of site of same, (4) 
unexpected lessening or disappearance of intrapleural effusion, (5) positive 
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sputa to methylene blue or ether, which has been injected in the pleural cavity, 
4) positive bronchoscopy or bronchography, (7) positive fistulography, (8) 
rsistent or intermittent subeutaneous emphysema, (9) persistent extraction 
air through thoracentesis, and (10) sudden pneumothorax after adequate 
iimonary re-expansion. If the patient expectorates sutures, one must suspect 


Le existence of a fistula. 
Of all the above-mentioned symptoms and procedures, the injection of 
thylene blue in the cavity with the positive finding of this stain in the sputa 
the patient, is undoubtedly the best diagnostic test for bronchopleural 


istula. 

In the treatment of this complication, we have the following means of 
therapy: 

1. Re-operation by opening and extending the wound of the pulmonary 
resection, making a new healthy stump, or resuturing the stump in eases of 
pneumonectomy. This procedure is accepted by various authors® * in cases of 
early bronchopleural fistulas before infection, and should be completed with 
thoracoplasty to obliterate the cavity and avoid the great probability of in- 
fection. 

2. Open pleurotomy with water-seal drainage or continuous aspiration,” 
to drain the cavity and prevent the fistula from continuing as a passage for 
septic material which would prevent its healing. 

3. Aspiration of the cavity fluid followed by antibiotic injections, seeking 
the same results as with the drainage, but not as suecessfully. 

4, Endoscopic treatment with caustic agents to increase proliferation of 
fibrous tissue, commonly associated with drainage of the cavity. 

). Thoracoplasty which aids the healing of the fistula by abolishing the 
cavity. 

TABLE I. INCIDENCE OF BRONCHOPLEURAL FISTULA IN THE 125 CASES STUDIED 


NUMBER OF 
OPERATION CASES | FISTULA 











Pneumonectomy 20 
Right 15 4 
Left 5) 

Lobectomy D2 
Upper 40 
Lower 10 
Middle 2 

Segmental resection : 
Upper 
Lower 

Wedge resection 

Cavernectomy 

Total 


DATA ON CASES 

Kor this report, we studied 125 cases of pulmonary resection made from 
July, 1954, to July, 1955, in Ward No. 2 of the Unidad de Neumologia, Hos- 
pital General. Of these 125 patients, 15 had bronchopleural fistulas which 
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vere distributed as shown in Table 1. We have not made any distinction be- 
ween bronchopleural fistula and leakage of alveolar air into the pleura. 

This table proves that pneumonectomy, leaving the largest residual cavity, 
resents the greatest incidence of fistulas (20 per cent), followed by upper lo- 
vectomy (15.3 per cent) which also presents the problem of re-expansion, and 
‘inally, upper segmental resection with an incidence of 9.5 per cent which we 
ittribute to a better refilling of the residual cavity, since less tissue has been 
‘xeised. In 13 eases of wedge resection and 8 of eavernectomy, no fistula was 
wvesent, which is related to the lesser amount of tissue removed. It is worth 
vhile noticing also that fistulas appeared following pneumonectomy and upper 
pulmonary resections, whereas in middle or lower lobectomies, or segmental 
resections in the lower lobe, this complication has not appeared, since the 
diaphragm is capable of obliterating the residual thoracic cavity. 

The treatment of the 15 cases of bronchopleural fistula contained in this 
report is summarized in Table II. 

As ean be seen in Table II, the majority of the cases were due to tuber- 
culosis (13), with one due to cyst and one to carcinoma. The time which 
clapsed between surgery and the onset of the fistula varied from 2 to 368 days. 
The diagnosis was made, in all but one of the cases, with methylene blue in- 
jected in the pleural cavity and expectorated by the patient. In Case 10 the 
cavity was very small and the patient was cured after expectorating the con- 
tents of the cavity. In 13 cases, an open pleurotomy was done; one patient 


did not need any treatment, and Case 2 was cured after the cavity was emptied 
through a troear and treatment by antibioties (Figs. 1 through 14). 
The final result in all the eases is shown in Table III. 


TABLE III 








Fistulas cured by pleurotomy 5 cases 
Fistula cured by needle puncture case 
Fistulas cured by pleurotomy and thoracoplasty 3 eases 
Spontaneous cure of fistula case 
Persistent fistula, stabilized by pleurotomy case 
Death with fistula and pleurotomy eases 


Total cases 








In the 3 patients cured with pleurotomy and thoracoplasty, Kergin’s tech- 
nique’’ was followed, suturing the intercostal muscle over the orifice of the 
fistula, which was found open in all 3 cases, followed by continuous aspiration 
(igs. 15, 16, and 17). At first glanee, the mortality rate seems high. Case 
7 died of an infection originating from empyema complicated by the presence 
of Pseudomona aeruginosa and Candida albicans, isolated in the cultures. Case 
13 died of septicemia. At autopsy, an alveolar fistula (Fig. 18) was found 
involving all the surface where the segmentary resection of the posterior seg- 
ment of the upper lobe and dorsal segment of the lower lobe, right side, had 
been performed; the eavity contained a smal]l amount of purulent matter. 
Case 14, who had a right pneumonectomy due to carcinoma, died 27 days 
later from massive hemorrhage from the pulmonary artery. At autopsy, a 
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Fig. 


Fig. 


Fig. | 


Fig. 1.—Case 1. Diagnosis of bronchopleural fistula by bronchography. (July 8, 1955.) 
Fig. 2.—Case . Diagnosis of bronchopleural fistula by fistulography. (July 13, 1956.) 
Fig. 3.—Case 10. Tuberculosis of the right upper lobe. (Feb. 6, 1956.) 
ig. 4.—Case 10. Right upper lobectomy, bronchopleural fistula. (April 10, 1956.) 
Fig. 5.—Case 10. Spontaneous cure of the fistula. The bronchogram shows the upper 
bronchus sutured and healed. (May 4, 1956.) 
Fig. 6.—Case 5. Tuberculosis of the left upper lobe. (July 21, 1955.) 
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bronchopleural fistula, opening into a sterile pleural cavity, was found (Fig. 
19). Finally, Case 15 died of meningeal involvement with fistula and em- 
pyema, the latter being undoubtedly the source of the meningitis. 


Fig. 14. 
Fig. 13.—Case 3. Pneumonectomy for tuberculosis. Empyema and bronchopleural fistula. 
(May 9, 1956.) 
Fig. 14.—Case 3. Pleurotomy and closing of the bronchopleural fistula demonstrated by 
bronchography. (June 8, 1956.) 


Fig. 16. 


Fig. 15.—Case 6. Tuberculosis of the right upper and middle lobes. (June 4, 1955.) 
Fig. 16.—Case 6. Upper and middle lobectomies; bronchopleural fistula shown by fistu- 
lography. (Oct. 28, 1955.) 


We can conclude that 3 patients died as a consequence of the fistula and 
the fourth one of massive hemorrhage of the pulmonary artery, with a sterile 
thoraci¢ cavity. 


DISCUSSION 
Several authors have recommended immediate re-operation in cases of 
bronchopleural fistula. Bjérk* reports 5 cases of this complieation in pneumo- 
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neetomy (2.1 per cent) in 2 of which he re-operated, suturing the stump with 


stainless steel wire followed by thoracoplasty; in both cases the fistula re- 
opened and both patients died. The same author* reports that in 230 eases of 


Kig. 17.—Case 6. Thoracoplasty and healing of the fistula demonstrated by bronchography. 
(Mar. 5, 1956.) 


Fig. 18.—Case 13. Autopsy specimen showing alveolar fistula in right lung after segmental 
resection. 

lobectomy due to tuberculosis, 3 patients presented with bronchopleural fis- 

tulas which were re-sutured with stainless steel wire; the fistula re-appeared 

in the 3 patients and 2 of them died. Sanchez Ramirez and co-workers* fol- 

lowed the same criterion and re-operated in 14 eases, 5 of which they classified 
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as solved and 9 as unsolved. Gravel,!' who reported a 12 per cent incidence 
of bronehopleural fistula, thinks that post-pneumonectomy fistula should be 
operated on as an emergency and that in partial resections it is possible to 
expect good results with drainage. 

On the other hand, a conservative therapy has been used by Kent,’ who 
reports 19 cases of post-pneumonectomy empyema, 13 patients of which had 
bronehopleural fistulas which he treated by drainage and instillation of anti- 
bioties into the cavity, with 11 patients cured. 
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Fig. 19.—Case 14. Autopsy specimen showing open stump of the right pulmonary artery after 
loss of its ligature, and the opening of the bronchopleural fistula into the pleural cavity. 


We believe that the treatment of this complication should try to solve two 
aspects: first, the infection represented by a septic cavity which might pro- 
duce aspiration of pus, homo- or contralaterally, distant infected foci, or de- 
generation of other organs; and, second, the mechanical aspect represented 
by a leak of air that will make pulmonary re-expansion impossible. 

Therefore, we believe that a conservative treatment is better since we 
realize that by puncture or pleurotomy, constant aspiration of the cavity con- 
tents, and instillation of antibiotics we solve the problem of infection. By 
giving the fistula a chance to rest from the passage of purulent matter through 
it, we aid the healing process. We have treated 14 patients accordingly and 
have obtained a healing or stabilization of the fistula in 10 of them, or 71.4 
per cent. 

Pleurotomy is a simple operation with very little trauma, which is a factor 
of major importance in a patient who has already suffered a pulmonary re- 
section and whose defensive and healing capacities have been diminished. 
A new, ample thoracotomy with rehandling of the hilum tissues, frequently 
with extensive costal resection to obliterate the cavity, would create greater 
demands on the patient’s resistance. 





Volume 34 BRONCHOPLEURAL FISTULA AFTER PULMONARY RESECTION 9205 


Number 2 


Of course, we do not mean that all additional surgery should be excluded, 
but this can be performed when indicated: such as, thoracoplasty, after per- 
sistence of a stabilized fistula, in order to abolish the residual cavity, and ac- 
complish its healing, as in 3 of our cases; or to enlarge the resection when 
dissemination has taken place in other regions of the lung after the patient 
has been stabilized, as happened in our Case 8, in whom bronchiectasis de- 
veloped in the remaining lobes. 


SUMMARY AND CONCLUSIONS 

1. In 125 eases of pulmonary resection, we found 15 bronchopleural fis- 
tulas, an incidence of 12 per cent. 

2. The greatest percentage of fistulas was observed after pneumonectomy 
(20 per cent), next, after upper lobectomy (15.8 per cent), and finally, after 
upper segmental resections (9.5 per cent). This indicates that frequency of 
this complication is in direct proportion to the existence of a residual pleural 
cavity. : 

3. In 12 of the 15 cases studied here, a cure or stabilization of the fistula 
was obtained, that is, in 80 per cent of the cases. 

4. Two aspects have to be considered in the treatment of bronchopleural 
fistulas; the infectious aspect and the mechanical aspect. 

5). The conservative treatment with pleurotomy in the majority of cases, 
or paracentesis in a few, is the best procedure to follow in cases of broncho- 
pleural fistula. Cure or stabilization of the fistula is obtained in a large per- 
centage of the cases. 

6. The practice of a conservative method does not preclude the use of 
further surgical methods when necessary, such as thoracoplasty or enlarge- 
ment of the resection, once the patient has been stabilized. 
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UNILATERAL PULMONARY ARTERY OCCLUSION IN MAN 
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N 1951, Carlens and co-workers! reported a method for producing temporary 

unilateral occlusion of the pulmonary artery in dogs and in human beings. 
By means of a single-lumen balloon-tipped catheter, they were able to pro- 
duce more or less complete unilateral occlusion safely and without complica- 
tions. They pointed out the potentialities of this method for preoperative de- 
termination of separate lung function and for radiologic examinations. This 
work was later extended by that group and double-lumen catheters were used 
with the balloon at either the proximal or distal opening.*:* In 1953, Nemir 
and co-workers* using double-lumen catheters combined this technique with 
bronchospirometry in 5 patients with bronchogenic carcinoma prior to surgery. 
In 1955, Sloan and co-workers’ presented findings in 18 patients studied prior 
to thoracie surgery. 

Preliminary Dog Experiments.—Preliminary studies were begun in this 
laboratory in 1952.° Anesthetized, closed-chest dogs were used. In order to 
measure events distal to and proximal to occlusion, a triple-lumen eardiae eathe- 
ter was constructed. An inflatable cuff was securely tied over the middle lumen 
so that 5 to 10 ¢.¢. of Diodrast inflated the cuff to produce complete unilateral 
pulmonary artery occlusion when the catheter was properly placed. Blood sam- 
ples and pressures could be obtained via the distal and proximal lumens and 
Diodrast could be injected via either lumen. Simultaneous bronchospirometric¢ 
studies were obtained via a very low resistance catheter constructed from poly- 
ethylene tubing. 

More than 20 unilateral pulmonary artery occlusions were performed in 
dogs. Alarming reactions (marked rise in right ventricular pressure, cardiac 
sil pf eg aon ae Hexter Laboratory for Cardiopulmonary Research, Mount 
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arrest) oecurred only when the balloon accidentally occluded the main pul- 
monary artery. In the typical experiment there was no change in the electro- 
cardiogram or in aortic pressure associated with unilateral occlusion. Ocelu- 
sion was maintained for periods of 5 to 40 minutes. In confirmation of many 
of the findings of Carlens and co-workers,’ and contrary to the alarming re- 
actions observed by Dotter and Lukas,’ the following observations were made 
following unilateral occlusion: there was a slight and sustained rise in pul- 
monary artery pressure proximal to occlusion. Distal to occlusion, pressure 
fell to ‘‘pulmonary eapillary’’ levels. Cardiae output showed little significant 
change (arterial and mixed venous oxygen content were also constant). <Al- 
though there was little change in the minute volume of each lung, there was 
no oxygen uptake on the occluded side associated with a compensatory in- 
crease in uptake on the unoceluded side. 


Method in Human Beings.—In view of the safety of the procedure in animals and re- 
ported experiences in man, it was felt we were justified in application of this technique 
to human subjects. After a large series of such studies (more than 100 human eatheteri- 
zations), we feel this procedure carries little risk beyond that of ordinary cardiae cathe- 
terization. (One of us [B.L.B.] has taken part in over 800 routine cardiae catheterizations 
and has yet to observe a mortality associated with this procedure.) 

The technique of unilateral pulmonary artery occlusion has been applied in this 
study not only as a pulmonary function test but also as a new approach to the study of 
pulmonary hemodynamics. Certain diagnostic applications, especially in congenital heart 
diseases, will be presented subsequently. A majority of the patients were private pa- 
tients. At first, this procedure was applied only to patients with surgical pulmonary 
disease, but observations in other cardiopulmonary conditions appeared to justify exten- 
sion of our studies, 

An attempt was made to make each study as complete as possible within the limits 
of the patient’s comfort. After a large number of patients had been studied, certain parts 
of the procedure could be omitted. 

The procedure is carried out with the patient in the fasting state. Many of these 
patients were on a semi-ambulatory basis in that they were not hospitalized, but reported 
to the laboratory in the morning, rested approximately one hour before the test, and 
were discharged 1 to 2 hours after completion of the study. 

The studies on human beings were performed in the Cardiovascular Laboratory, with 
no special precautions other than those for routine cardiac catheterization. Usually 
secobarbital, 0.1 Gm. or meperidine hydrochloride (Demerol), 50 mg., was administered 
one-half hour before. No other narcosis or sedation was required. 

In the first 12 patients, two catheters were inserted. The balloon-tipped catheter 
was constructed from a standard double-lumen cardiac catheter which had been shortened 
so that the tip was 4 em. from the proximal lumen. A piece of thin latex (tip of a rubber 
glove or finger cot) was securely tied over the tip using 5 to 10 turns of smoothly wound 
silk. The balloon-tipped catheter was inserted via a large antecubital vein of one arm 
and advanced under the fluoroscopic control to the right (or left) pulmonary artery. A 
No. 6 eardiae catheter was then inserted via the other arm and advanced to a point just 
beyond the balloon so that there was a lumen proximal to and one distal to the balloon. 
In 3 cases it was possible to insert both catheters via the same arm. 

We have now developed a triple-lumen ecatheter* which permits measurements distal 
to and proximal to the occlusion (Fig. 1). The outside diameter is little more than that 
of a standard double-lumen cardiae catheter. This special catheter has a narrow inflatable 


rubber cuff over the middle lumen. Since ordinary factory methods do not give satisfactory 


*Made to specifications by the United States Catheter Corporation, Glens Falls, New York. 
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cuffs, it has been necessary to devise tiny latex cuffs so molded as to fit securely over the 
middle lumen* (Fig. 1). Once a good cuff is obtained it may be used for many catheteriza- 
tions if reasonable precautions are observed. (One such cuff lasted for 15 catheterizations.) 
Inflation and deflation of the cuff with 8 to 12 ¢.c. of 15 per cent Diodrast can be accom- 
plished in a few seconds. The cuff should always be tested before use and should of course 
be completely deflated before insertion into the vein.t 

The following procedure is now used routinely. After the patient is positioned on the 
fluoroscopic table (on a foam rubber mattress), electrodes are placed on the extremities and 
a control electrocardiogram recorded. (In the early studies unipolar chest leads were also 
used.) Continuous electrocardiographic monitoring is accomplished via a cathode ray oscil- 
loscope connected to a Sanborn Poly-Viso, which serves as a four-channel direct writing 
recorder. Respiratory excursions are recorded via a tambour around the patient’s chest. 


A. 


Bi. 


Fig. 1.—Triple-lumen catheter for unilateral pulmonary artery occlusion. A, Close-up of 
tip showing rubber cuff before and after positioning on catheter. B, Schematic demonstration 
of position of inflated cuff in right pulmonary artery. Distal lumen in right pulmonary artery 

R.P.A.), proximal lumen (arrow) opens in main pulmonary artery (P.A.). 


After the catheter is tested, continuous drips of heparinized glucose are connected to 
the fittings of the proximal and distal lumens. The cuff is completely deflated. The catheter 
tip is then inserted into a suitable vein and advanced under fluoroscopic guidance into the 
right or left pulmonary artery (depending upon which side is to be studied). In most cases 
a pulmonary wedge pressure is first obtained by advancing the catheter as far as possible. 
All catheter pressures are recorded via a Sanborn electromanometer, After a ‘‘ pulmonary 
capillary’’ blood sample is obtained, the catheter is withdrawn a few centimeters into the 


pulmonary artery, 


*Designed and supplied by Mr. A. E. Hosier, Faultless Rubber Company, Ashland, Ohio. 
{The balloons are tested with 8 to 12 cc. of water. Sterilization is obtained by auto- 
claving the entire assembly at 20 pounds and 250° F. for 5 minutes. 
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An indwelling needle is then inserted into the right brachial (or femoral) artery. A 
Statham strain gauge is connected to the arterial needle via a three-way stopeoek which per- 
mits withdrawal of arterial blood samples and intermittent perfusion of the system with 
small amounts of heparinized saline. The entire system is firmly clamped in place thus pro- 
viding « continuous arterial blood pressure recording. Heparin, 25 to 50 mg., intravenously, 
is given to obviate clotting in and around the catheter and arterial needle during the long 
procedure. 

Oxygen consumption and minute volume were determined by collecting expired air in 
a Douglas bag; volume was measured in a Tissot apparatus; the room air—expired air differ- 
ence was determined by means of a Pauling oxygen analyzer. Suitable corrections were 
made for temperature and barometric pressure. A Collins respirometer was used during 
oxygen breathing. 

Since no attempt was made to achieve ‘‘basal’’ conditions, particularly in the ‘‘con- 
trols,’’ relatively high oxygen consumptions and cardiac outputs were recorded. However, 
every attempt was made to achieve the ‘‘ physiological steady state’’ during pertinent ob- 
servations. 

Cardiac outputs were measured using the Fick principle. Simultaneous pulmonary 
artery and systemic arterial samples were analyzed by a modification of the spectropho- 
tometric method of Hickam and Frayser,8’ and checked with frequent duplicate gasometrie 
determinations. 

Prior to unilateral occlusion, the following were usually obtained simultaneously: 
(1) oxygen consumption and minute volume, (2) systolic, diastolic, and mean pressure trac- 
ings from the pulmonary artery and a systemic artery, (3) blood samples from pulmonary 
artery and systemic artery, (4) pneumogram, and (5) electrocardiogram. 

Inflation of the cuff is performed under careful fluoroscopic, electrocardiographic, and 
manometric control. In most cases, this presents no real difficulties. In a few instances 


manipulation is necessary in order to secure optimal positioning. Inflation is begun with 
the catheter tip just at the origin of right (or left) main pulmonary artery (Fig. 2, 4). 
Fluoroscopie visualization of the balloon is obtained by the use of 15 per cent Diodrast 
solution. As the balloon is inflated it is frequently propelled toward the right lower lobe 
(which area is most frequently involved by pulmonary emboli). Ordinarily, 8 to 12 ¢.c. of 
Diodrast is necessary to produce adequate inflation, although in some cases as much as 20 


c.c. may be used (Fig. 2, B). 

In most studies it is desirable to obtain occlusion of the right (or left) main pul- 
monary artery. Angiocardiographie and post-mortem studies in normal subjects and in pa- 
tients with cardiopulmonary disease have demonstrated that this is feasible in the great 
majority of patients. Since the right main pulmonary artery usually branches just lateral 
to the shadow of the superior vena cava, adequate occlusion is usually assured if most 
of the balloon is medial to the descending limb of the catheter in the superior vena cava 
(Fig. 1, B). Occasionally an indentation on the balloon indicates the origin of the right 
upper lobe artery. 

During inflation, pulmonary artery pressures distal to and proximal to the balloon are 
observed carefully. In none of the control patients was there evidence that the patient ex- 
perienced any symptoms due to right or left main pulmonary artery occlusion. In earlier 
studies, numerous inflations and deflations were performed; later it was considered desirable 
to occlude just once to obviate changes in position of the balloon. Total occlusion has been 
maintained for as long as 2 hours without ill effects. 

During complete occlusion, continuous repeat observations are made as during the con- 
trol period. Through the lumen distal to occlusion, pressures and blood samples are also 
obtained. Usually oxygen breathing is then performed. The patient is then exercised in 
the recumbent position, usually for 4 to 6 minutes; the exercise consisting of bicycling against 
resistance at a rate designed to approximately double oxygen consumption. Continuous ob- 
servations are made during exercise and the cardiac output determined during the last 2 
minutes. Further observations are made after exercise and then as the balloon is deflated. 
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Usually, at the completion of these studies, the arterial needle is withdrawn and all other 
apparatus disconnected from the patient, leaving the cardiac catheter in’ place, The  pa- 
tient is then placed on a cart and transferred to the adjoining x-ray department. The bal- 





Cc. D. 

Fig. 2.—Serial x-rays in unilateral occlusion. 

A, Position of catheter with tip just entering right pulmonary artery, prior to inflation, 
in patient with mitral and aortic stenosis. 

B, Balloon inflated with 10 ¢.c. of 15 per cent Diodrast. Right main pulmonary artery 
occluded. Balloon just medial to superior vena cava. 

C, Ten cubic centimeters of 35 per cent Diodrast injected via distal lumen, giving pul- 
monary angiogram of right lower lobe. 

D, Visualization of right upper lobe in a normal patient. 


Note excellent detail of small 
vessels. 


loon is again inflated under x-ray control. Ten to 20 ¢.c. of 35 per cent Diodrast is then 


injected into the distal lumen (Fig. 2, (). Ordinary x-ray exposures can be made then in 


various positions without the need for the rapid film changes of ordinary angiocardiography. 





Volume 34 UNILATERAL PULMONARY OCCLUSION 211 


Number 2 


With manipulation, pulmonary angiograms of any localized area can be obtained (Fig. 
2, D). This method has proved to be an excellent procedure for visualizing the vascular 
pattern produced by various lung lesions and by such cardiac conditions as mitral stenosis. 
(These x-ray studies are reported in a separate publication. ) 

After the completion of the x-ray studies, the balloon is deflated and the catheter care- 
fully withdrawn. Despite the over-all length of the entire procedure (2 to 4 hours) in no 
case has the patient’s discomfort been such as to cause us to conclude the study prema- 
turely. Usually repeat x-ray and electrocardiographie studies are made during the week 
following the procedure. In 2 patients, both of whom had congestive heart failure, a 
transient small area of radiopacity was present in the previously occluded area. This was 
thought to be due to Diodrast instillation, rather than to the occlusion per se. 


PRECAUTIONS AND COMMENTARY ON THE METHOD 


Reasonable care must be taken to inflate the balloon in a main branch of 
the pulmonary artery. Obviously, occlusion of the main pulmonary artery 
itself would be catastrophic. By the same token, before withdrawal of the 
catheter, it should be ascertained that the balloon is completely deflated. 


In one patient, a pre-catheterization diagnosis of possible mitral stenosis 
had been made. The patient’s chief complaint was shortness of breath. We 
had anticipated performing right pulmonary artery occlusion as part of the 
study. However, because of time limitations, it was decided to perform a 
simple study with the ordinary single-lumen catheter. Pressure studies with 
the catheter tip in the right pulmonary artery revealed a moderate pressure 
elevation but a wedge pressure could not be obtained. The catheter could 


not be manipulated into the left pulmonary artery. After withdrawal of the 
catheter, further radiographic studies were performed. Eventually a diagno- 
sis was established of congenital absence of the left pulmonary artery. Need- 
less to say, successful occlusion of the right pulmonary artery might well have 
heen catastrophic. 

On one oceasion, in a patient with severe congestive failure due to rheu- 
matie heart disease with aortic stenosis, due care was not exercised and in- 
flation was begun with the catheter wedged. After 2 ¢.c. of Diodrast had been 
instilled, the patient complained of severe chest pain and complete atrio- 
ventricular dissociation was seen on the oscilloscope. At this point the balloon 
fortuitously ruptured and an impending catastrophe was averted with sub- 
sidence of the chest pain and the return to a normal sinus rhythm. This inei- 
dent was considered an important clue to the possible role of the smaller pul- 
monary vessels in the alarming manifestations of acute cor pulmonale, i.e., 
although sudden complete unilateral main pulmonary artery occlusion is well 
tolerated, small vessel distention is not. This observation is now being in- 
vestigated in the experimental laboratory. 

The routine use of 25 to 50 mg. of heparin intravenously after the in- 
sertion of the catheter helps to prevent fibrin deposition in and around the 
catheters. In some cases small clots are found adherent to the balloon or eath- 
eter but we have found no evidence of any significant embolization due thereto. 

Rupture of the balloon while inflated in the pulmonary artery has oe- 
curred in rare instances. In no case was the patient in any way aware of this 
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occurrence. Although a tiny piece of rubber may be liberated in this manner 
it is doubtful that this would be of any significance except in the presence of 
a right-to-left shunt. As a matter of fact, the relative safety of spontaneous 
release of the balloon’s contents has suggested this as a technique for angio- 
eardiography. We have now developed a method of predictable release of a 
Diodrast-filled balloon in the right atrium for sudden liberation of relatively 
large quantities of contrast material within the heart chambers.’ 

At the termination of the procedure, the patient is usually given one 
injection of Bicillin,* 600,000 to 1,200,000 units. In no ease has there been 
any significant infection. 

Despite the fairly narrow lumens, distal and proximal pressure curves 
were recorded without difficulty (Figs. 3 and 4). The withdrawal of blood 
samples was always possible and in no ease did elotting occur within the 
catheter. 
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Fig. 3.—Serial simultaneous recordings of pneumogram, electrocardiogram, main  pul- 
monary artery (P.A.) pressures, and brachial (B.A.) artery pressures in Case 6 (J. B.). 


O—occlusion of right pulmonary artery, EX—exercise, DEF—deflate balloon. Pressures 
are in mm. Hg. Note slight fall in P.A. pressure below control levels after deflation. (Paper 
speed 1 mm./sec. except for initial portion which is at normal 25 mm./sec. speed.) 


Davis and co-workers’ carried out temporary occlusion of the left pul- 
monary artery in monkeys. They concluded that any pulmonary changes pro- 
duced were reversible up to a period of 48 hours. In our studies, occlusion 
has been maintained for periods up to 2 hours without any evidence of irre- 
versible changes. 

Serial electrocardiographic studies including multiple precordial leads 
were carried out routinely in the earlier patients. In no case did sudden uni- 
lateral pulmonary artery occlusion produce significant changes in the electro- 
cardiogram. Electrocardiographic manifestations of acute cor pulmonale, 
such as described by McGinn and White,'! have not been demonstrated, even 
in patients with severe cardiopulmonary disease. 


*Wyeth Laboratories, Philadelphia, Pa. 
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In patients with severe pulmonary disease it is occasionally advisable 
first to occlude the blood supply to part of the lung. If no untoward reaction 
occurs, the balloon may then be deflated and then reinflated in the major 
artery of that lung. 

Completeness of unilateral occlusion has been demonstrated angiocardio- 
graphically, in that contrast material injected systemically fails to perfuse 
the occluded side. With bronchospirometry, it has been demonstrated that 
oxygen uptake ceases on the occluded side. Furthermore, the fall in pressure 
distal to occlusion (to pulmonary capillary levels) indicates complete ocelu- 
sion. Obviously, particularly in patients with very high pulmonary artery 
pressures, evident complete occlusion may be modified by eyeliec changes in 
pressure. 

RESULTS IN CONTROL PATIENTS AND COMMENTS 

In view of early concern regarding the safety of this procedure, it was first 
applied only to patients considered for pulmonary resection, in whom definite 
diagnostic or prognostic implications could be demonstrated. Interpretation of 
results in these cases was then based upon theoretical considerations. Fortu- 
nately, the benign nature of the procedure has justified application to a series 
of controls so that standards for comparison of hemodynamic changes can 
be provided. (Our extensive studies in patients with various forms of eardio- 
pulmonary disease will be presented in another publication. ) 

To date, a total of 100 patients has been studied with this technique. Of 
10 patients with no evidence of significant cardiac or pulmonary disease, 8 
had sufficiently adequate studies to serve as a control series. As will be demon- 
strated later, no attempt was made to achieve completely basal conditions. 
As a matter of fact, since it appeared desirable to determine the degree of 
expansibility of the pulmonary vascular bed, patients with relatively high rest- 
ing cardiac outputs were particularly selected. The patients were young 
(only one over age 40), 4 were male and 4 female (Table I). 


TABLE I. PHYSICAL CHARACTERISTICS AND DIAGNOSES OF EIGHT CONTROL PATIENTS 











SURFACE 
CASE AGE SEX AREA DIAGNOSIS 

1 E.S 20 M 2.05 Normal athlete, functional murmur 

2. B.A 38 F 1.72 Anxiety state, functional murmur 

a, Des. 43 M 471 Mild diabetes, nutritional anemia 

4. A.G. 19 F 1.46 Moderate hyperthyroidism, under therapy 

i. ES 26 F 1.49 Severe hyperthyroidism, under therapy 

6. J.B 31 M 1.83 Slight emphysema, asymptomatic, normal 
pulmonary function tests 

¢. T.8. 31 F 1.55 Bronchial asthma, asymptomatic, normal 
pulmonary function tests 

& H.C. 25 M 1.80 Bronchial asthma, asymptomatic, normal 


pulmonary function tests 


The protocols of these 8 patients are presented in Table II. The follow- 
ing abbreviations are used in this table and in other illustrations: C, control 
(unoeeluded); O, unilateral pulmonary artery occlusion; E, exercise; Co, on 
Collins spirometer, breathing 100 per cent oxygen; Oo, occluded, on oxygen; 
OoE, exercise while occluded, on oxygen; 8, systolic; D, diastolic; M, mean; 
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Cap., blood O, capacity; Art., arterial oxygen content; % sat., per cent satura- 
tion; V, mixed venous (pulmonary artery) oxygen content; A-V, arteriovenous 
oxygen difference; O,, oxygen consumption in ecubie centimeters per minute; 
C.0., eardiae output; C.1., eardiae index; M.V., minute volume in liters per 
minute; O.V, oxygen consumption in eubie centimeters per liter of ventilation ; 
H.R., heart rate per minute; R (pulmonary resistance for one lung), ratio of 
mean pulmonary artery pressure to pulmonary blood flow per minute, per 
square meter of body surface, per lung. Pressures are in mm. Hg, oxygen con- 
tents in volumes per cent. 

Fig. 3 is a typical simultaneous recording of pneumogram, electrocardio- 
gram, main pulmonary artery pressure, and brachial artery pressure from 
Case 6 (J.B.). In Fig. 4, serial main pulmonary artery and brachial artery 
pressures are demonstrated along with changes in oxygen consumption, ar- 
teriovenous oxygen difference, and cardiac output in a patient with severe 
hyperthyroidism (Case 5, I.S.). Significant findings in the 8 control cases 
have been graphed in Figs. 5 through 8. 

For the purpose of these studies, pulmonary resistance for one lung may 

PA m 
™ CTL. 
one lung, PA m = mean pulmonary artery pressure in mm. Hg, C.I.L. = pul- 
monary blood flow in liters/min./M.? per lung. During the control period, 
C.I.L. is considered to be one-half the total cardiac index. Following uni- 
lateral occlusion, the entire cardiac index is assumed to go through the un- 
occluded lung. In a patient with a eardiae index of 3 L./min./M.? and a pul- 
15 
15 


be expressed as follows: R , R = total pulmonary resistance for 


monary artery mean pressure of 15 mm. Hg, R = = 10. Following 


occlusion, if there were no change in pulmonary artery pressure, R = 15/3 
= 5, so that pulmonary resistance would be one-half the control level, indi- 
cating, of course, the expansibility of a lung which could accommodate twice 
the normal flow without significant pressure increase. 


The high degree of expansibility of the pulmonary vascular tree is demon- 
strated by the 2 patients with hyperthyroidism.* Case 4 (Fig. 6, B), a 19- 
year-old girl, with a eardiae index of 4.4 L. per minute per square meter had 
a control pulmonary artery pressure of 30/15 (mean 22 mm. Hg). With ocelu- 
sion, the main pulmonary artery pressure rose to 45/20 (mean 30 mm. Hg), 
with a flow of 5.2 L. per minute per square meter through one lung. With exer- 
cise, pulmonary artery pressure rose to 55/25 (mean 40 mm. Hg), with a uni- 
lateral flow of 9.6 L. per minute per square meter (approximately five times 
the normal flow), so that R (pulmonary resistance for one lung) fell from 9.2 
to 5.8 to 4.2. 

Case 5, a 26-year-old woman, had a control pulmonary artery pressure of 
30/16 mm. Hg and a mean pressure of 24 mm. Hg, with a cardiae index (and 


*Cases 4 and 5.—It should be pointed out that both of these patients were extremely 
agitated and apprehensive during the procedure, so that achievement of the “steady state” was 
particularly difficult. The high values for oxygen consumption and cardiac output are ad- 
mittedly somewhat questionable and probably should be used only as an approximation. 
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Fig. 5. 


Fig. 5.—Effect of unilateral occlusion on controls. A, Case 1 (E. S.). B, Case 2 (E. A.). 

Abbreviations: C—control, Co—control on 100 per cent oxygen, O—unilateral occlusion, 
Oo—100 per cent oxygen breathing during occlusion, E—e sise, OzV—ratio of oxygen con- 
sumption to minute ventilation in c.c./liter, % sat.—systemic arterial saturation, P.A.—pul- 
monary artery pressure in mm. Hg, S—systolic, M—mean, D—diastolic, Cl—cardiac index 
in liters per minute per meter squared. 

In B, cardiac index high due to severe anxiety state. 


Fig. ran re unilateral occlusion on controls. Abbreviations as before. 
(D. 8S.) , Case 4 (A. G.). 





a ane 


Fig. 7. Fig. 8. 
Fig. 7.—Effect of unilateral occlusion on controls. Abbreviations as before. 
(UI. S.). B, Case 6 (J. B.). 
In A, cardiac index especially high associated with hyperthyroidism. 


Fig. “ffect of — occlusion on controls. Abbreviations as before. 
(B® 8). BE Case 8 (H. 
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pulmonary blood flow) of 11.5 L. per minute per square meter (Figs. 4 and 


7, A). Following ocelusion of the right pulmonary artery, the pressure rose to 
45/22 mm. He with a mean of 34 mm. Hg; there was no significant change in 
eardiae output, systemic arterial pressure, or oxygen consumption although the 
left lung then accommodated 12.7 L. per minute per square meter. Thus, pul- 
monary resistance for one lung fell from 4.2 to 2.7, indicating a tremendous 
capacity for inereased lung flow with only a moderate increase in pressure; in 
this case, the left lung flow during occlusion being approximately eight times 
normal. With this tremendous flow, however, normal arterial saturation was 
maintained. 

In general the typical findings in controls may be summarized as follows. 

1. Main pulmonary artery pressure: Control pressures ranged from 30/16 
(mean 24) mm. Hg to 18/8 (mean 13) mm. Hg. Prior to inflation breathing 
100 per cent oxygen usually produced a slight fall as expected. Complete 
oceiusion of the right or left pulmonary artery was associated with an im- 
mediate sustained rise in main pulmonary artery pressure. The rise in sys- 
tolie pressure was greater than that in diastolic pressure; mean pulmonary 
artery pressure being increased an average of 30 per cent above the control 
valve. Breathing 100 per cent oxygen during occlusion again resulted in a 
slight fall in main pulmonary artery pressure, thus indicating further expansi- 
bility of the vaseular tree. With exercise, main pulmonary artery pressure 
showed a definite increase. The increase in main pulmonary artery pressure 
following occlusion persisted at approximately the same level even after long 
periods of occlusion (Fig. 4). With sudden deflation of the euff, main pul- 
monary artery pressure usually fell to a level below the control and then 
gradually returned to control levels. 

2. Systemic arterial pressure: Brachial (or femoral) arterial pressures 
were rarely influenced by unilateral occlusion. Even with exercise there was 
no significant change. 

3. Arterial orygen saturation: There was no significant change following 
occlusion, even with exercise. Oxygen breathing produced the expected rise 
before and after occlusion. 

4. Mired venous (main pulmonary artery) blood oxygen content and ar- 
teriovenous difference: There was no significant change with occlusion. In re- 
sponse to exercise during occlusion, the A-V difference increased as expected. 

5». Oxygen consumption: Following occlusion, there was no constant 
change. In some eases, there was a slight increase, in others a slight decrease. 
With exercise, oxygen consumption was usually increased approximately 100 
per cent. 

6. Minute volume: In Cases 1 and 2, occlusion was associated with an evi- 
dently significant increase in minute volume, but in subsequent cases there 
was no change or even a decrease. Exercise, of course, produced a marked 
inerease. 

7. Ratio of orygen consumption to minute volume (O2,/V): In Cases 1 and 
2. the O./V was diminished during occlusion, indicating increased ventilation 
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per unit of oxygen extraction. However, other patients demonstrated an in- 
crease or no. significant change. Changes with exercise were inconstant. 
Since the occluded lung continues to ventilate normally,'* but does not extract 
oxygen, the oxygen consumption of the unoceluded lung is approximately 
doubled. Within the limits of this study it is thus demonstrated that the un- 
occluded lung is able to extract twice as much oxygen per unit of ventilation 
of that lung. 

8. Heart rate and electrocardiogram: No significant alteration was pro- 
dueed by occlusion. 

9. Hemodynamics distal to occlusion: Distal to occlusion, the pulmonary 
artery pressure immediately fell to an average pressure of 8 mm. Hg. Com- 
parison of this pressure curve with the pulmonary wedge pressure obtained 
in the usual manner in the same patient invariably revealed a remarkable simi- 
larity (Fig. 9). Presumably, distal to occlusion there is a ‘‘common chamber”’ 
consisting of left atrium, pulmonary veins, pulmonary capillaries, and the oe- 
cluded pulmonary artery segment. The term ‘“‘lacunar’’* has been applied 
to this more or less quiet ‘‘lake.’’ (A more complete report on these “lacu- 
nar’’ phenomena will be presented subsequently. ) 


NORMAL 
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Fig. 9.—Comparison of pulmonary wedge pressure curve and pressure curve distal to 
occlusion. The pneumogram, electrocardiogram, and pressure curves are shown. The wedge 
pressure curve was obtained in the usual manner prior to occlusion. 

In many patients when it has been impossible to obtain a wedge pressure 
in the usual manner, the ‘‘lacunar’’ pressure has been obtained and has proved 
to be as accurate or even more so as a measure of “pulmonary eapillary” pres- 
sure. This is particularly true in cases with very high pulmonary artery 
pressures. The balloon-tipped catheter has also been used in cases where the 
tip of the catheter did not reach far enough to be wedged. In these instances 
partial inflation of the balloon produces a ‘‘sail in the wind’’ effect and the 
catheter is then wedged by the pulmonary blood flow. 


*As suggested by Dr. Gerhardt Brecher. 





220 BROFMAN, CHARMS, KOHN, ELDER, NEWMAN, RIZIKA J. Thoracic Surg 

Using the two-catheter technique, we have been able to wedge one cath- 
eter and then occlude the pulmonary artery to that same segment. With 
occlusion, there is no change in the wedge pressure curve, thus confirming 
the observation that arterial pulsations do not influence true wedge pressure 
curves. 

Blood samples have been obtained via the distal lumen at intervals of one 
minute to one hour after occlusion. In the control patients this distal (or 
lacunar) sample invariably has a higher oxygen content than the brachial 
artery and the pulmonary capillary sample. Presumably, distal to occlusion 
retrograde flow and oxygenation of blood is taking place very rapidly. If 
this increase in oxygen content were merely due to inflow of bronchial artery 
blood, its saturation should be the same as the brachial artery saturation. As 
a matter of fact, our studies would appear to refute observations that bronchial 
artery flow, following pulmonary artery occlusion, increases as a result of a 
fall in pulmonary eapillary pressure.’* Since there is retrograde transmission 
in the ‘“‘lacunar’’ system, pulmonary capillary pressure does not fall on the 
occluded side. The demonstration of this retrograde flow suggests certain 
practical applications, such as the possibility of reversing pulmonary blood 
flow in patients with essential pulmonary hypertension. Studies are now being 
carried out in this laboratory using iodinated (I'*') human serum albumin in 
an attempt to further elucidate hemodynamies distal to occlusion. The meas- 
urement of pulmonary blood volume by this technique is also under con- 
sideration. 

HEMODYNAMIC EFFECTS OF OCCLUSION 

The tremendous expansibility of the normal pulmonary vascular bed is 
attested to by the demonstration of little or no change in pulmonary artery 
pressure during exercise in normal subjects.’*'* Increases to three times the 
basal pulmonary blood flow are associated with normal pulmonary artery 
pressures.'* This expansion of the pulmonary vascular bed appears to depend 
upon the opening of new channels or the widening of already perfused ones. 

In patients with congenital heart disease, with uncomplicated left-to-right 
shunts of tremendous magnitude, we have found pulmonary artery pressures 
are still within normal limits. Our experience has been similar to that of 
Dexter and co-workers'® who found that a pulmonary flow of approximately 
10 L. per minute per square meter of body surface might still be associated 
with normal pressures. Thus, it can be demonstrated that under certain eir- 
cumstances with adequate time for adaptation, tremendous degrees of flow 
are possible with normal pulmonary artery pressures. 

In this series of controls, unilateral pulmonary artery occlusion was in- 
variably associated with an increase in main pulmonary artery pressure, with 
the total cardiac output now flowing through one lung. The average rise in 
main pulmonary artery mean pressure from 17 mm. Hg to 23 mm. Hg was 
immediate and sustained at that level throughout the period of occlusion. 
Thus, within the limits of this study, maximal adaptation to increased flow is 





iin UNILATERAL PULMONARY OCCLUSION 994 
immediate. With release of occlusion, the temporary fall in main pulmonary 
artery pressure below control levels indicates a more gradual return to basal 
pulmonary resistance. 

As seen in Fig. 10, there is no obligate relationship between the resting 
cardiac index and pulmonary artery mean pressures, even in the patients 
with very high control cardiac output. However, with occlusion, the rise in 
main pulmonary artery pressure appears to be related to the total pulmo- 
nary flow. 
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Fig. 10.—Pulmonary blood flow—pressure relationship. Pulmonary artery mean pressure 
plotted against cardiac index for one lung. O—control subject at rest. @—control subject 
during unilateral occlusion. 4—control subject during exercise and unilateral occlusion. 
Heavy line is approximate, but shows straight-line relationship obtained. Case numbers are 
indicated. Discussion in text. 

Within the limits of this study, carried out in controls with somewhat 
elevated resting cardiac outputs, the expansibility of the lung is such that the 
increased unilateral flow is attended by some degree of pressure rise. Al- 
though pulmonary resistance is invariably diminished, it does not quite fall 
to one-half the control level. With exercise after occlusion, there is little 
change in resistance. 

The degree of pressure elevation during occlusion is somewhat greater 
than would be predicted from previous studies in which flow was increased by 
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exercise.!*!7 However, more recent studies'!® have demonstrated comparable 


increases in pulmonary artery pressure with exercise. Experience in our 


laboratory with normal subjects during exercise is similar to these latter 
studies in that, with rare exceptions, moderate exercise does produce a slight 
hut definite increase in pulmonary artery pressure. The method of unilateral 
occlusion differs from exercise as a method of increasing pulmonary flow in 
that it is not associated with increased respiratory effort, increased negativity 
of intrathoracic pressure and other factors which would tend to expand the 
pulmonary vaseular bed. (It also differs in that heart rate, left atrial pres- 
sure, and the output of the ventricles are unaltered. ) 

The study of control patients with high resting cardiac outputs enables 
us to restudy the dynamic blood flow-pressure relationships in the lung. 
Cournand’s'® 2° demonstration with normal subjects and with young adults 
following pneumonectomy defined these relationships. In Fig. 10, blood flow 
through one lung is plotted against mean pulmonary artery pressure. Before 
unilateral occlusion, unilateral pulmonary flow is assumed to be one-half the 
-ardiae index. After occlusion, the total ecardiae index is via the unocecluded 
side. With moderate exercise, further increase in pulmonary flow is achieved. 

By including the patients with hyperthyroidism, tremendous values for 
unilateral flow can be plotted. However, it should again be emphasized that 
these values are of somewhat questionable validity in view of the difficulty 
in achieving a steady state. Within the limits imposed by this type of study, 
however, this flow-pressure curve differs somewhat from that of Cournand in 
that there appears to be a linear relationship between flow and pressure even 
at higher levels of flow. 

However, the evident linear relationship demonstrated here does not im- 
ply that the pulmonary vascular tree is a rigid system at these levels of flow. 
Only at very high levels of flow or in patients with certain types of pulmonary 
vascular disease does such a condition obtain. (This will be demonstrated in 
a subsequent publication. ) 

It should not be assumed that the modest increase in pressure following 
occlusion indicates such a change would be permanent after comparable lung 
resection. As a matter of fact, Mendelsohn and co-workers?! generally found 
a transient rise in main pulmonary artery pressure during pneumonectomy, 
with a return to normal after termination of the operation. However, in the 
determination of pulmonary resection tolerance in patients considered for 
lung surgery, if unilateral pulmonary artery occlusion results in a significantly 
higher pulmonary artery pressure than that anticipated from the control flow- 
pressure curve, it is suggested that pulmonary resection will be poorly toler- 
ated. Turthermore, it should not be implied that a normal pressure response 
to unilateral occlusion necessarily indicates that partial or complete resection 
of that lung will be well tolerated permanently. Although it may be pre- 
dieted that a normal pressure response means that, hemodynamically, pulmo- 
nary resection will be well tolerated, the long-term result may be modified by 
secondary changes in the remaining lung tissue, 
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Subsequent studies in patients with various cardiopulmonary conditions 
to be reported have demonstrated the lack of any obligate flow-pressure rela- 


tionship. The pulmonary vessels appear to change their resistance with 


changes in pressure as do peripheral arterial vessels.2* Our studies in pulmo- 
nary blood flow appear to justify, as suggested by Lillienthal and Riley,** 
the application of the concept of ‘‘critical closing pressure’’*? to pulmonary 
blood flow. Briefly, this concept states that there is instability of the small 
blood vessels, which will tend to close down actively and completely if the 
opposing pressure within them is below some finite level—the critical closing 
pressure. 

It will be demonstrated that pulmonary hypertension per se does not 
necessarily indicate that the limits of distensibility of the lung have been 
reached. As a matter of fact, in some patients with severe pulmonary hyper- 
tension, unilateral occlusion results in no significant change in pulmonary 
artery pressure. 

It should be emphasized that the distensibility of the pulmonary vascular 
bed depends upon numerous factors such as the elasticity of the vessel walls, 
indirect effects of changes in supporting tissues varying with degree of in- 
flation of the lungs and intrathoracic pressures, and the direct effects of active 
vasomotion. The role of bronchomotion in the contro] of pulmonary cireula- 
tion is also significant.** 


RELATIONSHIP TO PROBLEM OF PULMONARY EMBOLISM AND 
PULMONARY INFARCTION 


It has already been pointed out that sudden unilateral pulmonary artery 
occlusion in controls has not been associated with hemodynamic or electro 
cardiographie evidence of acute right heart strain. As will be reported subse- 
quently, even in patients with severe cardiopulmonary disease, significant 
embarrassment rarely occurs and then under predictable circumstances. It 
is beyond the scope of the present paper to discuss the physiologic aspects 
of pulmonary embolism except to re-emphasize the observation that uni- 
lateral main pulmonary artery occlusion, per se, is not the cause of the 
(distressing symptoms of acute cor pulmonale. Certainly, ligation of a main 
pulmonary artery branch during surgery is usually well tolerated. However, 
since ligation is performed under anesthesia and also results in crushing of 
periarterial nerve fibers, it has been argued that such surgical observations 
do not apply to unilateral large artery occlusion in the unanesthetized pa- 
tient.2°>. In our studies in the unanesthetized patient, however, the surgical 
observations appear to be verified. Our present observations appear to sup- 
port the evidence in favor of reflex activity in producing the symptoms of 
pulmonary embolism.*" *7 

Whitteridge?* presents a particularly attractive explanation for the eata- 
strophie effects of small particles, based upon the existence of a positive *‘ feed- 
back’’ mechanism. Receptors, stimulation of which produces active vasocon- 
striction, lie between the region of greatest pressure gradient and the eapil- 
laries, and normally function to keep pulmonary eapillary pressure below 
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edema levels. Thus, increased pulmonary artery pressure results in vasocon- 
striction which in turn reduces stimulation of the receptors (a negative feed- 
back). However, lodgment of small particles downstream from these recep- 
tors would result in continuous exposure of the receptors to increased pressure 
despite a high degree of vasoconstriction so that this positive feed-back would 
tend to perpetuate intense vasoconstriction. 

A negative feed-back concept might also be applied to explain the imme- 
diate expansibility of the unoeccluded lung in our studies. Distal to occlusion 
there is a reduction in the normal stimulation of the receptors so that reflex 
reduction in arteriolar tone occurs bilaterally. This reduction from the oe- 
cluded side presumably overcomes any attempt at vasoconstriction that might 
result from increased pressure on the receptors of the unoccluded side. (Hxer- 
cise may produce the same effect by virtue of a reduction in intrathoracic 
pressure acting on these receptors.) In a subsequent publication we will dis- 
cuss the possible role of such a feed-back mechanism in certain cardiopulmonary 
conditions, as well as in the control of retrograde eapillary flow. 


Radiographic Changes Associated With Unilateral Occlusion.—In most of 
the patients studied, radiograms of the chest were made at various periods of 
occlusion. In no ease was there any significant change in the vascularity of 
the occluded lung (Fig. 2). It is generally stated that, in the absence of pul- 
monary congestion, pulmonary vascular occlusion due to pulmonary embolism 
results in radiographic findings of ischemia (decreased vascular markings) on 
the occluded side.> Avascularity distal to occlusion is considered to be the 
cause of this ischemic pattern. However, our studies appear to refute the 
reported role of large artery occlusion per se as the cause of this evident 
avascularity. As a matter of fact, we have demonstrated that distal to occlu- 
sion there is free retrograde flow so that capillary pressure and perfusion are 
maintained. Presumably a negative feed-back mechanism, with reduction of 
tone (arteriolar) encourages this free flow. The evident avascularity reported 
in pulmonary embolism might be explained on the positive feed-back postu- 
lation: Occlusion of the smaller vessels (not large artery occlusion) causes ¢ 
positive feed-back with marked arteriolar constriction. This prevents free 
retrograde flow and thus may produce the radiographic appearance of ischemia. 


BRONCHIAL ARTERY—PULMONARY VASCULAR COMMUNICATIONS 


Certain observations are also of interest with respect to communications 
between the bronchial arterial and pulmonary vascular systems. The exist- 
ence of precapillary anastomoses in man appears well established,”® as does 
the existence of capillary anastomoses.*° Physiologic studies have demon- 
strated true functional ecommunications.*t However, within the limits of these 
studies (even in patients with severe pulmonary disease) bronchial arterial 
circulation does not appear to be a factor in maintaining pressure distal to the 
occluding balloon; this pressure invariably falls to pulmonary capillary levels. 
Furthermore, since the blood oxygen saturation distal to occlusion immediately 
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rises above the systemic arterial and even above the pulmonary capillary satura- 
tion this would appear to indicate that there is rapid retrograde capillary flow. 
Preeapillary bronchial flow would be expected to prevent such retrograde flow. 

The mechanism of enlargement of the bronchial circulation in certain 
disease states is poorly understood. The demonstration of increased bronchial 
artery flow following occlusion of a main branch of the pulmonary artery has 
been ascribed to a fall in pressure within the capillary bed held in common by 
the two cireulations.‘*> However, we have demonstrated that pulmonary eapil- 
lary pressure does not fall but is maintained by retrograde perfusion. Thus, 
the stimulus to increased bronchial artery tlow would have to be at the pre- 
capillary level. Perhaps this also would be activated by a negative feed-back 
mechanism. 

SUMMARY AND CONCLUSIONS 


The technique of temporary unilateral pulmonary occlusion has been car- 
ried out in more than 100 patients in this laboratory since 1952. (Preliminary 
studies in dogs had established the safety and applications of this procedure.) 
3y means of a special triple-lumen cardiae catheter with an inflatable euff, 
the right or left main pulmonary artery has been completely occluded for 
periods up to 2 hours with no observable untoward effects in the unanes- 
thetized patient. Since this technique produces an increase in unilateral pul- 
monary blood flow without the changes secondary to exercise, it provides a 
unique opportunity for study of pulmonary hemodynamies under control 
conditions. 

This communication is concerned with details of the method and with 
observations in a control series of patients who had no evidence of significant 
cardiopulmonary disease. These studies in control subjects are considered 
necessary to serve as a standard for comparison in patients with various ear- 
diopulmonary abnormalities. In these controls, complete occlusion of the 
right (or left) main pulmonary artery produced no symptoms and was well 
tolerated. There was no significant change in the electrocardiogram, systemic 
arterial pressure, oxygen saturation, cardiae output, oxygen consumption, and 
total minute volume. 

During occlusion, the ratio of oxygen consumption to total minute volume 
remained relatively constant despite the fact that the occluded lung continues 
to ventilate without exchanging oxygen, while the unocecluded lung takes up 
twice as much oxygen per unit of ventilation. Following occlusion, with ap- 
proximately twice the control flow perfusing one lung, there was a rise in 
main pulmonary artery pressure, averaging 30 per cent above the control 
level. The expansibility of the pulmonary bed, under the conditions of this 
study, is such that marked increases in unilateral flow (even to five times the 
normal) are attended by significant decreases in pulmonary vascular resist- 
anee. There appears to be a linear flow-pressure relationship at these levels 
of flow. 

In providing the most physiologic method for determining the feasibility 
of lung resection, unilateral pulmonary artery occlusion appears established 
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as a test of pulmonary resection tolerance.** Our evaluation of patients under- 
going lung surgery, with postoperative studies, will be the subject of a 
separate report. 

Subsequent publications will deal with hemodynamic findings in 60 pa- 
tients with various forms of cardiopulmonary diseases. Radiographic studies 
will demonstrate ‘‘lacunar’’ angiograms in various pulmonary lesions and in 
disease affecting the pulmonary vasculature. In patients, with various forms 
of congenital heart disease, interesting hemodynamic data and certain diag- 
nostie applications will be demonstrated. 

Distal to occlusion, the ‘‘lacunar’’ pressure appears to be a reliable indi- 
eator of left atrial and “pulmonary capillary” pressure. The high blood oxygen 
saturation distal to occlusion indicates retrograde flow from the left atrium 
so that the eapillary bed on the occluded side is also perfused. Bronchial 
artery-pulmonary vascular communications could not be demonstrated in con- 
trols (or in patients with bronchiectasis, to be reported subsequently ). 

The concept of ‘‘eritical closing pressure’’?? appears to apply to pulmo- 
nary blood flow. Regulation of pulmonary resistance by a ‘‘feed-back’’ mecha- 
nism is suggested in explaining the observation that main unilateral artery 
occlusion is well tolerated, whereas multiple small particle embolization to 
the lung may be catastrophic. It may be further postulated that this feed- 
back system regulates the fall in pulmonary resistance associated with uni- 
lateral occlusion. There is evidence that increased blood oxygen saturation 


(as during oxygen breathing, and in patients with congenital uncomplicated 
left-to-right shunts causing high pulmonary artery blood oxygen saturation) 
causes the feed-back mechanism to decrease pulmonary resistance. Conversely, 
anoxia (as in cor pulmonale) acts on the receptors to produce vasoconstriction. 
The increase in bronchial artery flow found in certain diseases may also be 
related to such a feed-back activated by reduced preeapillary pressure. 


ADDENDUM 


ur more recen stuc ies of blooe gas ensions rO owing uni ateral oce usion revea 
O t stud f blood gas t foll g lateral l l 
that, although arterial oxygen saturation is unchanged, the arterial oxygen tension is 
slightly reduced, while the carbon dioxide tension is slightly increased. 
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THE TREATMENT OF VENTILATORY INSUFFICIENCY BY 
TRACHEOSTOMY AND ARTIFICIAL VENTILATION 


A Stupy or 61 THoraAcic SuRGiCAL CASES 


VIKING OLoy BsgérK, M.D., AND CaRL-GUNNAR ENGstROM, M.D. 
STOCKHOLM, SWEDEN 


——- ATE spontaneous ventilation is a common and serious complica- 
tion in several medical and surgical diseases. An insufficient circulation 
and inadequate spontaneous ventilation are the most common causes of death. 


PRINCIPLES 

If the alveolar ventilation is too small the result is a respiratory acido- 
sis. If it is too great, a respiratory alkalosis will be the result. 

The treatment for respiratory acidosis, no matter what the underlying 
disorder, is to inerease the alveolar ventilation. To achieve this, a tracheos- 
tomy with adequate artificial ventilation is instituted. The respiratory work 
includes, partly, the work of overcoming the elastic forces of the lung and 
chest wall which have their maximum at the peak of inspiration and partly, 
the work of overcoming a nonelastic resistance (airway and tissue flow fric- 
tional resistance), which has its maximum at the highest rate of gas flow. 

A difference between the respiratory work needed for an adequate ven- 
tilation and the respiratory work the patient is able to perform will result in a 
respiratory acidosis. Thus, a respiratory insufficiency may have the following 
causes : 

1. A decreased ability to perform respiratory work, for example, in cases 
of poliomyelitis, intoxications, increased intracranial pressure, myasthenia 
gravis, and shock. 

2. An increased respiratory work due to unfavorable conditions for ven- 
tilation, such as massive pulmonary infiltrations, pulmonary fibrosis, emphy- 
sema, bronchial stenosis, thickened pleura with fixation of ribs and diaphragm, 
and multiple rib fractures. 

A combination of these two factors are often found as the cause of respira- 
tory acidosis, as, for instance, in patients with a low postoperative respiratory 
reserve. 

Whatever the causative factor of respiratory acidosis, there is an in- 
dication to increase the alveolar ventilation by (a) tracheostomy which will 
make the spontaneous ventilation more effective by diminishing the dead space 
and facilitating removal of the bronchial secretion by aspiration, and (b) arti- 
ficial ventilation which will relieve the patient from respiratory work and en- 
sure an adequate ventilation in spite of unfavorable mechanical conditions. 
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Naturally, the possibility of a fistula with pneumothorax should be ex- 
cluded first, as the adequate treatment then is to introduce an intercostal tube 
for active suction. It is, therefore, important to exclude a collection of air or 
blood in the pleura before the tracheostomy is performed. Auscultation may 
give the necessary information; if not, a bedside x-ray examination of the 
chest should be performed if time permits. In one of our patients, who sud- 
denly developed ventilatory insufficiency, tracheostomy was immediately in- 
stituted. When the patient’s condition had improved, an x-ray investigation 
was made which revealed a large pneumothorax. In this case, tracheostomy 
may have been performed unnecessarily. Naturally, active suction should first 
have been applied to the pleural space. Only if the patient then still had ven- 
tilatory insufficiency, should a tracheostomy, with artificial ventilation, have 
been added. 

METHOD 


A detailed description of the technique has been given earlier.’ First, a 
tracheostomy is performed, then an airtight connection between the lungs and 
the respirator is established through an ordinary silver cannula provided with 
a rubber cuff. Using this technique, there has been no ease of pressure neero- 
sis and tracheoesophageal fistula. Air leakage around the rubber cuff can 
easily be detected by measurement of the amount of insufflated and exsufflated 
gas. We use the volume-cycled (Engstrém) respirator operating with positive- 
negative airway pressures. Frequent aspirations through the tracheostomy have 
to be made. The patients must be carefully supervised during and after the 
treatment. If the patient’s minute ventilation at rest is used for ventilation 
during and after the operation, there is only a negligible danger of carbon 
dioxide retention. It is preferable to use a highly humidified gas mixture of 
50 per cent oxygen and 50 per cent air. 


RESULTS 


Prolonged postoperative artificial ventilation has been utilized in 61 eases 
with 44 surviving patients (see Table I). 


1. Ventilatory Insufficiency Due to Paradoxical Movements of the Chest 
Wall.— 

A, Multiple rib fractures: There are chest injuries with multiple rib frac- 
tures resulting in a flaccid chest wall with paradoxical movements. In some of 
these cases, a ventilatory insufficiency may be produced. It is often sufficient 
to perform a tracheostomy and inject local anesthesia in the intercostal spaces. 
If the ventilatory insufficiency is more pronounced, however, an operative 
fixation of the rib fractures may be performed. Operative intervention is 
indicated more if a severe injury to lung tissue is suspected at the same time. 
It is, however, most important first to bring the patients out of shock and 
give them relief from carbon dioxide retention. Therefore, a tracheostomy, 
permitting repeated intrabronchial aspirations of accumulated blood and 
secretion, as well as the application of prolonged artificial ventilation with 
the respirator to ensure adequate ventilation until the chest is stabilized, has 
proved to be lifesaving in the following cases. 
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TABLE I.) INDICATIONS AND RESULTS IN PATIENTS TREATED WITH PROLONGED ARTIFICIAL 
VENTILATION (PAV) 














| | INSTITUTION 
NUM- OF PAV AFTER 
BER OF OPERATION DURATION OF | RESULT 
PA- AGE (DAYS ) PAV (DAYS) (LIv- 
INDICATIONS | TIENTS | MEAN | RANGE | MEAN | RANGE | MEAN | RANGE | ING) 
1. Paradoxical movements 
A. Multiple rib frae- 
tures 2 29-62 1 11 10-12 2 
B. Thoracoplasty with 
rib resection 1 54 2 6 0 


2. Massive infiltration 

(spill-over aspiration 

pneumonia ) 10 34 20-47 3 0-17 8 1-16 
. Minimal pulmonary 

parenchyma or exten- 

sive operation 34 42 25-63 0.3 0-6 13 2-53 24 
4. Fibrothorax (old 

pneumothorax on the 


i) 





contralateral side) 9 41 25-62 0-3 5 3-11 u 
5. Pulmonary edema 3 39 36-42 2 0-4 ‘ 2-3 2 
6. Cerebral origin 2 68 51-85 0 2 1-2 0 
Total 61 44 





Case 1.—A 28-year-old man sustained bilateral chest injuries when the back wheel of 
a truck passed over his chest. There was fracture of 8 ribs (2 to 9) on the left side with 
hematopneumothorax as well as right-sided pneumothorax (Fig. 1), The left humerus and 
seapula were also fractured, Tubes were inserted in both pleural cavities for continuous 
aspiration. The crushed chest wall was flaccid, with paradoxical movements, associated 
with pain, and the patient could not maintain an adequate ventilation. Prolonged arti- 
ficial ventilation, with the respirator, was instituted after one day and continued for 12 
days until the chest wall was stabilized and the patient could take over the ventilation 
himself. At follow-up, one year later, the patient was working, had a maximal breathing 
sapacity of 98 L. per minute, an oxygen uptake of 27 per cent, and a ventilation of 30 
per cent of the total on the left side (Fig. 2).* 


CASE 2.—A 62-year-old man was hit by a car and sustained fractures of 8 ribs (2 to 9) 
on the right side, as well as a right bimalleolar fracture. After 24 hours, he was unconscious. 
A chest x-ray showed a left-sided pneumonia. He became more deeply comatose and after 
36 hours he was intubated and artificial ventilation was started. He did not respond im- 
mediately, which usually happens when carbon dioxide retention is the cause of coma 
(compare Case 3). After 48 hours, artificial respiration was continued with the respirator, 
which was needed for 10 days. He regained consciousness very slowly, which was ascribed 
to fat embolism to the brain. During the first 5 days in the respirator as he slowly 
regained consciousness, the arterial carbon dioxide tension was 42, 42, 45, 36, and 49 mm. 
Hg, respectively. For several weeks, he was dizzy and had double vision, All symptoms 
disappeared, however, and 3 months after the accident 74 per cent of the oxygen uptake 
and 75 per cent of the ventilation returned to the right side. Ten months later he was in 


an excellent condition. 


B. Ventilatory insufficiency due to paradoxical movements of the chest 
wall after thoracoplasty: After a thoracoplasty with rib resection and without 
fixation of the ribs, paradoxical movements with carbon dioxide retention will 
frequently oceur. I, therefore, consider it contraindicated to remove the upper 


*This case was presented at the Congress of the International Society of Surgery, Copen- 
hagen, July, 1955, Bull. Soc. Internat. Chir. 15: 249, 1956. 

















Fig. 1—Case 1. A 28-year-old man. An x-ray which demonstrates fracture of ribs 2 to 
9 on the left side as well as a bilateral traumatic pneumothorax. Artificial ventilation was 
needed for 12 days due to paradoxical movements of the left chest wall. 








Fig. 2.—Case 1. An x-ray which shows recovery with 27 per cent oxygen uptake on the 
left side. 
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5 ribs in a single stage operation in patients with a thin pleura. The oste- 
oplastic thoracoplasty with posterior fixation of the ribs, leaving a stable roof 
of the chest, is better tolerated then. 


CASE 3.—A 54-year-old man had had a tuberculous cavity in the right upper lobe since 
1933, when a right phrenic crush had been performed. An ordinary 5-rib thoracoplasty 
with apicolysis, according to Semb, was performed in a sanatorium. There was pronounced 
paradoxical movements of the chest wall with a resulting atelectasis of right lung, as well 


Fig. 3.—Case 3. A 54-year-old man with a right 5-rib thoracoplasty. Paradoxical move- 
ments of the chest wall resulted in atelectasis. The patient was unconscious due to carbon 
lioxide retention (112 mm. Hg, pCO: in arterial blood). Artificial ventilation was needed for 
5 days. 


as a collection of fluid in the apicolysis space. The second day after the operation the 
patient was cyanotic and comatose and he was sent to our hospital. The arterial carbon 
dioxide tension was 112 mm. Hg and the patient was unconscious (Fig. 3). After 38 
hours of artificial ventilation, the patient regained consciousness and the arterial carbon 
dioxide tension had fallen from 112 to 55 mm. Hg. After 5 days of treatment in the 
respirator he could take over ventilation himself (Fig. 4). 


2. Ventilatory Insufficiency Due to Massive Infiltrations in the Lungs.— 

This group consists of 10 patients with a complicating postoperative lung 
infiltration. The ages varied between 20 and 47 years, with a mean value of 
34 years. In 3 cases, a pneumonectomy had been performed and a significant 
pneumonic infiltration occurred in the only remaining lung. 

Of the remaining 7 cases, one had had an injury of the phrenic nerve 
during operation followed by atelectasis, secretion retention, and spill over. 
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One patient had undergone a bilateral pneumothorax, another a pneumo- 
thorax on the side of operation and an extrapleural pneumothorax on the con- 
tralateral side and had difficulty in bringing up the secretion. In one ease, a 
contralateral lobectomy had been performed earlier. 


The preoperative maximal breathing capacity varied between 44 and 94 
L. per minute (mean 77) for males and between 55 and 86 IL. per minute — 


(mean 76) for women. 


Kig. 4.—Case 3. An x-ray which demonstrates stabilization of the chest wall on the right 
side. The patient could now take over the ventilation himself. 

With the aid of the respirator, it has then been possible to keep a patient 
on only a few funetioning segments with a normal arterial earbon dioxide ten- 
sion. The artificial ventilation was started at the time of the operation to 17 
days afterward (mean, 3 to 5 days). The duration of respirator treatment in 
this group varied between one and 16 days (mean, 7 to 6 days). During the 
period of artificial ventilation, antimicrobial therapy has been administered 
in massive doses. When the pneumonias were -resolved, the patients were 
able to take over the ventilation themselves.* Of the 10 patients in this group, 
9 are living and well. The longest follow-up is now 2 years. 


*See Cases 1 and 2 reported in Reference 5. 
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One patient in this group has died, a 30-year-old woman with a contra- 
lateral extrapleural pneumothorax. <A decortication after an old pneumo- 
thorax and a segmental resection had been performed. On the night following 
the operation, the patient vomited, aspirated, and developed an aspiration 
pneumonia. During respirator treatment, a short spell of improvement was 
noticed. There was, however, no regression of the infiltrations caused by the 
aspiration of the acid content of the stomach and the patient died after one 
day’s treatment with artificial ventilation. 


Conclusion: The best results have been obtained in this group of 10 pa- 
tients with 9 survivals. The respirator treatment is only used for ventilation 
until the lung infiltrations are resolved. 


3. Ventilatory Insufficiency Due to Minimal Pulmonary Parenchyma or 
Extensive Operation.— 

Thirty-four patients with minimal parenchyma or an extensive operation 
have been carried through the postoperative period by the aid of prolonged 
artificial ventilation. The youngest patient was 25 years of age, the oldest 63, 
with a mean age of 42. The maximal breathing capacity varied between 37 
and 133 L. per minute (mean 66) in the male and between 23 and 79 L. per 
minute (mean 45) in the female patients. 

Three of these patients had had extensive simultaneous bilateral resec- 
tions performed, 2 with a space-diminishing procedure at the same time (for 


instanee, resection of right upper lobe + left upper lobe + superior segment of 
left lower lobe + left osteoplastic thoracoplasty, all in one stage). Two 
patients had had resections performed on the only remaining lung (right 
upper lobectomy and resection of three segments of the left upper lobe, re- 
spectively). The contralateral lung had an impaired function for various 


reasons. There were 7 cases of pneumothorax or residues after an old pneu- 
mothorax on the nonoperated side, one case of an extrapleural pneumothorax, 
5 of thoracoplasty with resections of from the 3 to the 8 upper ribs, and 5 of 
resection under a thoracoplasty, performed at an earlier date on the contra- 
lateral side. 

There was an open eavity in 4 patients and an infiltration in 2, in the 
contralateral lung. An open eavity in the contralateral lung has been shown 
to give rise to an excessive amount of sputum in the immediate postoperative 
period, in several instances necessitating tracheostomy for aspiration. One 50- 
year-old man developed a pronounced emphysema which made him short of 
breath at the slightest exertion. The maximal breathing capacity was 37 
L. per minute and the residual capacity was 54 per cent of the total. 

In the cases belonging to this group, we have found it important to utilize 
the Engstrém respirator with a negative expiration phase for ventilation dur- 
ing anesthesia. When the operation is finished the patient is immediately 
turned over on his back, a tracheostomy performed, and the ventilation con- 
tinued for the first days or weeks with the same respirator used for anesthesia. 
Clinical experience has shown in which patients it is necessary to continue 
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prolonged artificial ventilation immediately after operation. If we are not 
sure the respirator treatment is necessary, the patient is allowed to wake up 
and his spontaneous ventilation is measured at intervals. 

If spontaneous ventilation is adequate immediately, the patient must be 
carefully supervised for signs of carbon dioxide retention (increased blood 
pressure, perspiration) in the event that he gets tired performing increased 
respiratory work. The latest time for institution of respirator treatment in a 
patient in this group was on the sixth day after operation. The average delay 
in the whole group was 0.3 day after operation. The duration of artificial ven- 
tilation in this group varied between 2 and 53 days with an average of 12.8 days. 


Fig. 5.—Case 4. An x-ray of the chest of a 37-year-old woman with tuberculous cavitation 
in right lung and fluid in a left pneumothorax space. 

The patients may be carried safely through the immediate postoperative period 

with this technique. When they are strong enough they will take over the 

ventilation themselves for increasing periods of time. Of the 34 patients in 

this group, 24 are living. 

Ten patients have died between 3 days and 14 months after the institution 
of the respirator treatment and in all but one cor pulmonale was the cause of 
death. Only in one sireptomycin-resistant patient was a severe tracheobronchitis 
the dominating cause of the death on the third postoperative day. It is therefore 
obvious that several patients have been accepted for surgery although they 
were already in a too precarious condition. On the other hand, we have shown 
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that it is possible to perform extensive thoracie surgery on extremely ill pa- 
tients provided prolonged artificial ventilation is administered until the pa- 
tients have overcome the trauma of surgery. Case 4 (Figs. 5, 6,7, and 8) will 
illustrate a ease where an extensive operation on the left side indicated im- 
mediate tracheostomy and prolonged artificial ventilation for 3 days. 


CASE 4.—The patient was a 37-year-old woman with an old bilateral pneumothorax 
for bilateral cavitary tuberculosis (see Fig. 5). First, a resection of right upper lobe and 
superior and posterior basal segments of right lower lobe with a tailoring thoracoplasty 
was performed, A year later, the fluid in the pneumothorax on the left side perforated 
the lung and was coughed up with a resulting empyema and bronchopleural fistula (see 


Fig. 6.—Case 4. An x-ray of the same patient after resection of right upper lobe and 
the superior and posterior basal segments of right lower lobe, together with a tailoring 
thoracoplasty of the upper seven ribs on the right side. One year later, a left tuberculous 
empyema with a bronchopleural fistula had developed. The maximal breathing capacity was 40 
L. per minute, the residual capacity 48 per cent of the total capacity, and bronchospirometry 
showed 25 per cent oxygen uptake and 31 per cent ventilation on the left lung. 


Fig. 6). The patient was short of breath, had a residual capacity of 47 per cent of the 
total, the maximal breathing capacity was 40 L, per minute, with 25 per cent of the oxygen 
uptake on the left side. A resection of the left upper lobe and the superior segment of 
the left lower lobe with osteoplastic thoracoplasty was performed. Tracheostomy was 
performed and artificial ventilation was instituted immediately after the operation (see 
Fig. 7). The patient made an uneventful recovery and can do light housework and is still, 


two vears after the operation, in a good condition. 
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Five patients developed a tuberculous empyema with bronehial fistula 
which was a contributing factor to death in 4 cases. Resection and extirpation 
of the chest wall was carried out but was tolerated poorly by patients without 


respiratory reserve. 


CaSE 5.—One surviving patient in this group, a 35-year-old man, had prolonged artificial 
ventilation performed after three operations. This patient had had a left pneumothorax and, 
on the right side, a plastic plombe perforating into a tuberculous cavity in the right upper 
lobe. He was resistant to streptomycin and PAS. Resection of the right upper lobe, the 
plombe, the medial segment of the right middle lobe, and a wedge of the lower lobe was 
performed, as well as an osteoplastic thoracoplasty. Respirator treatment was needed for 
2 days. Two months later an empyema was resected together with ribs 2 to 8 with a wedge 


Fig. 7.—Case 4. An x-ray of the same patient after resection of the left upper lobe and 
superior segment of left lower lobe with an osteoplastic roof thoracoplasty. Artificial ventila- 
~~ through a tracheostomy was instituted immediately after operation and continued for 
3 days. 


of the lower lobe. Respirator treatment was used for 7 days. Six months after the first 
operation, a new empyema was resected together with the remaining part of the middle 
lobe and superior segment of the lower lobe. Two weeks after this operation, while the 
patient was still using the respirator for the third time, there was an erosion of the right 
internal mammary artery with severe hemoptysis. It was necessary to operate immedi- 
ately. The internal mammary artery was ligated, a pneumonectomy was performed and 
the remaining part of the chest wall was resected. Prolonged artificial ventilation was 
continued for another fourteen days until the patient covld take over ventilation himself 
(Fig. 9). 
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i. Ventilatory Insufficiency Due to Fibrothorax on the Contralateral Side.— 

In 9 eases of an old pneumothorax on the contralateral side resulting in 

a fibrothorax with fixation of the ribs and the diaphragm under the pleural 
peel, the respirator treatment has been used postoperatively. The patients’ 
ages have varied between 25 and 62 years, with an average of 41 years. The 
maximal breathing capacity has varied between 36 and 130 (mean 83) L. 
per minute in the males and between 35 and 59 (mean 47) L. per minute in the 
female patients. In these patients, the respiratory work needed for adequate 
ventilation and expectoration is often too great. In only a few days after 
operation, the patients become tired from the increased respiratory work 


Fig. 8.—Case 4. Follow-up of the same patient a year later. 


which results in sudden carbon dioxide retention. The longest delay before 
the institution of respirator treatment in this group was 3 days, with an aver- 
age of 1 to 3 days. We have, however, noted from experience that it is much 
better to take over the ventilation immediately after the operation in such 
eases rather than to wait until the patient is exhausted, with a resultant carbon 
dioxide retention. 

The prolonged artificial ventilation has been continued for between 3 and 
11 days with an average of 5 days. Of the 9 cases treated in this group, 7 
have survived. Two patients died. One 41-year-old man died one month after 
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operation in heart failure; autopsy showed lipoid degeneration of the myo- 
eardium. The second patient, a 25-year-old woman, who had had a right pneu- 
monectomy with osteoplastic wall thoracoplasty performed, died 6 months 
after operation in cor pulmonale with pulmonary edema. After a right pneu- 
monectomy, an adequate ventilation will be difficult for patients with a re- 
maining lung bound down in a pneumothorax peel. One of the surviving 
patients in this group, a 3l-year-old man, developed a constrictive pericarditis 
after a right upper lobectomy complicated with a bronchoecutaneous fistula. 
One and one-half years after this operation, he underwent a left thoracotomy 
for the pericardiectomy, after which artificial ventilation was instituted im- 
mediately and continued for 5 days. 


Fig. 9.—Case 5. An x-ray of the chest of a 35-year-old man who had a communication 
between a plastic plombe and a tuberculous cavity in the right upper lobe. He was resistant 
to streptomycin and PAS. Resection was complicated by infection and bronchial fistula. He 
was operated upon three times and needed artificial ventilation after every operation for 2 
days, 7 days, and 28 days, respectively. An old pneumothorax on the left side made the 
respiratory work too great for the patient in the postoperative period. 


5. Ventilatory Insufficiency Due to Pulmonary Edema.— 


Three patients have been treated for an acute pulmonary edema. The 
edema disappeared immediately when expiratory resistance of 6 em. water 
was added. 
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CASE 6.—A. 36-year-old woman with mitral stenosis and pulmonary tuberculosis developed 

some regurgitation after a commissurotomy and developed pulmonary edema one day after 

operation, Artificial ventilation with expiratory resistance was instituted immediately 
and continued for 3 days. The patient’s recovery was then uneventful. 


CASE 7.—A 42-year-old man developed ventricular fibrillation three times during a com- 
missurotomy for mitral stenosis. The heart was defibrillated with electric shock three times. 
His condition was poor after the operation and artificial ventilation was continued. Pulmonary 
edema developed which immediately disappeared after adding an expiratory resistance 
of 6 em. water. The patient died after twenty-four hours. Autopsy showed acute myo- 
rarditis. 


CASE 8.—A 39-year-old woman underwent a right extrapleural pneumonectomy with a si- 
multaneous osteoplastie wall thoracoplasty, Her preoperative maximal breathing capacity 
was 28 L. per minute. There was a tuberculous cavity in the remaining left lung. The 
patient developed pulmonary edema on the fourth postoperative day. Artificial ventila- 
tion was instituted and continued for 3 days, The postoperative course was then un- 
eventful. 


6. Ventilatory Insufficiency of Cerebral Origin. — 

We have accepted 2 cases of ventilatory insufficiency of cerebral origin. 
Our thought was that, if the ventilatory insufficiency could be relieved in 
these comatose patients, the chance of recovery would be much greater. Both 
of our patients, an 85-year-old woman with cerebral hemorrhage and a 50- 
year-old woman with brain embolism after a mitral commissurotomy, have 


died. However, Case 2 (page 230), with a ventilatory insufficiency due to 
multiple rib fractures, was still unconscious after a normal carbon dioxide ten- 
sion was restored with respirator treatment. The patient had fat in the urine 
and the unconsciousness was ascribed to fat embolism. Artificial ventilation 
was continued for 10 days after which the patient’s brain gradually cleared. 
During this time auricular fibrillation was converted to sinus rhythm. 

Another patient with ventilatory insufficiency treated by prolonged arti- 
ficial ventilation with respirator developed epileptic convulsions due to severe 
alkalosis accompanied by brain edema but she began to- improve after one 
week and had a complete restitution after one month. 

In spite of our poor results in this group, it is our belief that many cases 
with ventilatory insufficiency of cerebral origin may be saved with prolonged 
artificial ventilation. This method has, for example, been successfully applied 
to many eases of severe barbiturate poisoning and bulbar poliomyelitis during 
the last years. 

SUMMARY 


The treatment of ventilatory insufficiency after pulmonary resection with 
tracheostomy and prolonged artificial ventilation, which we introduced in 
1954, has been found of great practical value. Indications for resections have 
been widened and in patients with complications the method has been life- 
saving. Of 61 patients, 44 have survived. An analysis of indications for and 
results in the treated patients is given. Of the 44 surviving patients, 10 are 
back at full work, 24 patients have not yet started to work but are going 
to take up work or training for a new, less heavy work. Ten patients will 
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probably never be able to work again. It cannot be expected that many pa- 
tients in this group, who have limited pulmonary funetion and have not 
worked for the last five to ten years prior to operation, should be able to re- 
turn to full work. The results obtained, however, seem to justify the ae- 
ceptance of these poor-risk patients for surgery. The conversion of sputum 
with the possibility of leaving a sanatorium is, for the patient, an achieve- 
ment of great value. 


ADDENDUM 


Since this article was submitted, 15 more cases have been treated by prolonged 
artificial ventilation. Of these 15 cases, 4 patients have died. Two of the deaths were 
due to cor pulmonale in patients with very limited pulmonary function (MBC, 30 L. per 
minute in a 44-year-old woman undergoing segmental resection and an MBC of 64 L. per 
minute in a 44-year-old man undergoing extrapleural pneumonectomy with total tho- 
racoplasty). Two patients with crush injuries of the chest died. Fat embolism was found 
in both at autopsy. In one of them, a 79-year-old man, a severe hemorrhage from an acute ven- 
tricular uleer was found as well as fat embolism. 

The postoperative prolonged artificial ventilation has also been used on patients 
who have undergone open heart surgery during by-pass with the heart-lung machine. 

Some cases are included of severe hemorrhage during the operation followed by a 
rather long period of low blood pressure. In these cases the artificial ventilation was 
continued through the intratracheal anesthesia tube until it was evident that the patient 
would need respirator treatment for more than 24 hours at which time the cuffed tracheos- 


tomy cannula was introduced. 
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ITIL the acceptance of thoracotomy and pulmonary resection as standard 

operative procedures, there naturally developed an interest in the 
physiologic aberrations evoked by these operations. In the early years 
of pneumonectomy and lobectomy the major concern was over the functional 
status of the remaining lung and the problems of intrathoracic dead space, 
overdistention, emphysema, and the clinical symptoms resulting therefrom.** 
Studies, two to thirteen years after resection, demonstrated definite fune- 
tional changes with increase in respiratory dead space and lung volume ratios.* 
The specific effects of thoracotomy itself, unattended by major resection of 
lung tissue, however, have not been studied, except during the first twenty- 
four hours after surgery. The purpose of this report is to deseribe the 
changes in pulmonary function from the first week postthoracotomy through 
to that time when normal function is finally regained. 


MATERIAL AND METHODS 


Twenty-three patients between the ages of 18 and 50 were studied before 
operation and at serial intervals up to three months following operation. No 
patients were included in whom more than a localized segmental resection was 
performed. Three patients subjected to extrapulmonary procedures such as 
plastic repair of pectus excavatum and pericardiectomy were included in 
this group. 


The following lung volumes were measured: 


1. Vital capacity: maximal volume of gas expelled from the lungs 
following a maximal inspiration. 

Inspiratory capacity: maximal volume of gas inspired from the 

resting expiratory level. 
Expiratory reserve volume: maximal volume of gas expired from 

the end-expiratory level. 
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Residual volume: volume of gas remaining in the lungs at the end 
of: maximal expiration. 


Functional residual capacity: volume of gas remaining in the 


lungs at the resting expiratory level (sum of vol. Nos. 3 and 4). 
Total lung capacity: amount of gas contained in the lung at the 
end of a maximal inspiration. 


Volumes Nos. 1 to 3 were measured by combined spirometry. The fune- 
tional residual capacity (No. 5) was measured by the method of Darling,’ and 
volumes Nos. 4 and 6 were then ealeulated. 

The following tests of ventilatory function were performed: 

1. Maximal breathing capacity*: the maximum ventilatory effort which 
could be accomplished in 15 seconds, expressed in liters per minute and as a 
per eent of predicted normal value. Normal equals greater than 90 per cent 
predicted value. 

2. Timed vital capacity®: the maximum amount of air which can be ex- 
pired in the first, second, and third seconds following maximal inspiration; 
expressed in per cent of the total vital capacity. Normal values were 75, 90, 
98 per cent of the total. 

3. Basal ventilation: ventilation required per minute at rest in the re- 
cumbent position. Basal breathing reserve® was caleulated as follows: basal 
ventilation was subtracted from the measured maximal breathing capacity. 
The resultant figure was considered normal when ealeulated to be 88 per cent 
or more of the maximal breathing capacity. 

4. Walking ventilation: ventilation required per minute during a 3-min- 
ute walk at rate of 180 feet per minute. Walking index was calculated as 
per cent of maximal breathing capacity, with normal values less than 20 per 
cent. 

Gas mixing within the lungs was determined by the method of Darling.’ 
Following 7 minutes of 100 per cent oxygen breathing, normal gas mixing 
was indicated by per cent nitrogen less than 2 per cent remaining in the forced 
expiratory sample. Normal values were ealeulated from standard reference 
tables.”. The percentile limits of variation from the predicted normal values 
were determined from normal individuals studied in this laboratory, as shown 
in the figures. Patients were considered to have recovered from thoracotomy 
effect when a given test had either returned to the preoperative value or had 
become stabilized with no further improvement in subsequent studies up to 
ten weeks. 

RESULTS 

Figs. 1 through+4 show the serial changes in lung volumes and maximal 
breathing capacity before and after thoracotomy. Fig. 5 shows the percentage 
of abnormal findings in each category when referred to predicted normal 
values for this laboratory. 
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Figs. 1 through 4.—Serial studies of the effect of thoracotomy on pulmonary function. 
The ordinate represents per cent of predicted normal for the given pulmonary function. The 
abscissa is time. Preoperative studies are recorded directly on the ordinate. Dotted lines lead 
from each patient’s initials to the first observations. Serial observations are connected by 
solid lines. 
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Lung Volumes.— 

Vital capacity: During the first two weeks following thoracotomy, there 
was a decrease in vital capacity as compared to the preoperative value, vary- 
ing in extent from 20 to 103 per cent of the normal predicted value for each 
patient. Even patients who had a vital capacity within predicted normal 
limits immediately, postoperatively, had an even larger vital capacity, pre- 
operatively, or following recovery from the effects of thoracotomy. A rise in 
vital capacity began as early as the first week, postoperatively, with return 
at least to predicted normal values in all patients but one by the end of the 
fifth week. The inspiratory capacity was decreased in 18 of 19 serial ob- 
servations. The expiratory reserve volume was decreased in 14 of 19 serial 
observations. In 11 of these 14 patients the residual volume remained normal. 
Therefore, the postoperative decrease in expiratory reserve volume and fune- 
tional residual capacity (RA + ERV) could be interpreted as a shift in 
breathing pattern (lowered expiratory mid-position) so that at the end of a 
quiet expiration the lungs contained less air than preoperatively. In 3 patients 
the decrease in expiratory reserve volume was associated with an increase in 
residual volume and an essentially unchanged functional residual capacity. 


REPRESENTATIVE CHANGES IN PULMONARY FUNCTION FOLLOWING THORACOTOMY 
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Fig. 5.—The ordinate represents number of patients; the abscissa, time. Preoperative 
values are plotted in the first column, and time of subsequent observations recorded from 
thoracotomy. Values were abnormal when they exceeded the limits of predicted normal. 


Residual volume: No consistent change occurred following thoracotomy. 
There was no difference between early and late effects nor was the percentage 
of abnormally large residual volumes different before or after thoracotomy. 


Total lung capacity: Changes in total lung volume were similar to those in 
the vital capacity, varying from 113 per cent to 67 per cent of the predicted 
normal value.. The total lung capacity began to return to normal from one to 
three weeks postthoracotomy with only two abnormally low values recorded 
at the end of five weeks. 
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Ventilatory Function.— 

Maximum breathing capacity decreased to a value below the predicted nor- 
mal in only 12 of 23 patients immediately after thoracotomy. While the max- 
imum breathing capacity was often statistically within predicted normal limits 
in many of the other 11 patients, this value was almost invariably reduced 
over former and subsequent measurements in the same patient. In all pa- 
tients except one, the maximal breathing capacity was greater than 90 per 
cent of normal by the fifth week. 

The timed vital capacity was not consistently affected by thoracotomy. 

The basal breathing reserve was normal prethoracotomy in 15 of the 16 
patients and borderline in the sixteenth. Within the first three weeks follow- 
ing thoracotomy, only 5 abnormal findings were noted in a total of 22 ob- 
servations. All other patients had a breathing reserve well within normal 
limits, and after four weeks no abnormalities were detected in any patients. 
Similarly, the walking index was normal in 15 of 16 individuals and borderline 
in one patient prior to thoracotomy. In only 4 of 22 observations in the first 
three weeks was an abnormal walking index seen. In each ease the abnormal 
index was due to a low maximal breathing capacity and not to hyperventila- 
tion. Subsequent to the fifth week the walking index was normal. 

Studies of alveolar gas mixing were within normal limits in all patients 
except one who had an unexplained abnormally high percentage of nitrogen 
prior to thoracotomy which persisted throughout all subsequent studies. 


DISCUSSION 

The most striking and consistent finding in his study was the depression 
in voluntary expansion and contraction of the thoracic cage, as shown by the 
vital capacity. Gaensler and Strieder’® showed a similar trend in recovery 
from pneumonectomy. There seemed to be a definite order of progression in 
severity of restriction of the lung volume. <A decrease in inspiratory capacity 
was the commonest finding seen even in patients with no other abnormality 
in funetion. A reduction in expiratory reserve volume as well as inspiratory 
capacity was the next most common finding. In the majority of patients, the 
reduction in expiratory reserve volume represented a downward shift in end- 
expiratory position. The decrease in expiratory reserve volume and increased 
residual volume seen in 3 patients was probably due to inability or unwilling- 
ness to perform a deep expiration. The unchanged functional residual volume 
signified that these individuals, like the 4 patients with no decrease in expira- 


tory reserve, were still breathing at a normal end-expiratory position. It is 


well known that deep inspiration aggravates pain of pleuritic or chest wall 
origin. It is likely that the shift to a lower end-expiratory position and the 
highly consistent decrease in inspiratory capacity represent immediate or 
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remote effects of pleural pain on breathing and that this shift limits the pa- 
tient’s ability to use his potential lung volume. That restriction in residual 
volume per se is infrequent is shown by the fact that there were only 2 pa- 
tients with an abnormally decreased residual volume following thoracotomy. 

Despite these rather striking limitations in chest wall mobility, resulting 
in diminished lung expansion, maximal breathing capacity was not con- 
sistently depressed. Moreover, abnormalities in breathing reserve and walk- 
ing index occurred in less than one fourth of the patients during their im- 
mediate postthoracotomy period. It is interesting how, in the normal patient, 
thoracotomy causes rather little change in the patterns of ventilation. After 
the first postthoracotomy week, there was no correlation between the degree 
of chest pain, type or extent of operation, and level of pulmonary function. 
Measurements of gas distribution, spot determinations of alveolar ventilation 
and alveolar arterial gradient showed no abnormalities one week postthoracot- 
omy. 

The changes deseribed are most marked in the first and second weeks 
and have returned to predicted normal values between the fourth and sixth 
weeks following thoracotomy. However, even up to ten weeks postthoracot- 
omy, some patients had not yet completely returned to their own preoperative 
values. Accordingly, any severe abnormality of lung function detected six 
weeks after surgery (assuming proper cooperation in the performance of tests) 
is most probably related directly to intrinsic pulmonary parenchymal disease 
or disease of the chest wall itself. 


SUMMARY 


Observations of pulmonary function before and after thoracotomy have 
been made in a group of 23 patients. The most striking immediate post- 
thoracotomy effect was a restriction in lung volume, almost invariably seen 


in the inspiratory capacity and the next most commonly in the expiratory re- 


serve volume. Following thoracotomy the patient’s end-expiratory position 
was depressed most likely by the effeets of pleural pain. 

Early changes in ventilatory function as illustrated by marked decreases 
in maximal breathing capacity were seen in slightly over 50 per cent of the 
patients. Alterations in various indices of ventilatory function were seen in 
less than one quarter. These changes persisted during the first three weeks 
and rapidly receded between the fourth and sixth weeks. There was no defi- 
nite correlation with the amount of conscious chest pain, type of procedure, or 
extent of operation. 
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ITHIN recent years tale poudrage of the intrapleural space has been 

advocated in the treatment of recurrent spontaneous pneumothorax. This 
therapy causes an inflammatory reaction in the visceral and parietal pleurae 
which results in their symphysis thus preventing subsequent collapse of the 
lung. Studies by other workers? have attested to the efficacy of this form 
of treatment. Because tale induces an inflammatory reaction on the pleural 
surfaces, the possibility that this therapy causes a restrictive pleuritis, severe 
enough to seriously compromise pulmonary function, must be considered.* ° 
The purpose of this study is to deseribe the effects of pleural tale poudrage on 


pulmonary funetion from the immediate posttherapy period through the first 
year. It is not within the scope of this communication to report on the late 
functional effects of poudrage. 


MATERIAL AND METHODS 


Thirty-seven patients with spontaneous pneumothorax were studied and 
a series of 52 observations were made. Of the 37 patients, 30 were studied at 
intervals from five days to four months following instillation of tale within 
the pleural space with 7 observations of one year or more. Seven patients 
with pneumothorax who were treated conservatively, either with no specific 
therapy or by underwater seal suction without poudrage, were studied to 
serve as controls. The type and nature of pulmonary function studies which 
were performed were described in a previous publication.’ Because pulmonary 
function studies were usually not available prior to spontaneous pneumothorax, 
the results of these tests were evaluated in relation to predicted normal values. 


OBSERVATIONS 


Figs. 1 through 4 present the serial observations of vital capacity, residual 
volume, total lung capacity, and maximal breathing capacity. Accumulated 
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random observations plotted with respect to time are presented in the bar 
graphs in Fig. 5. 


1. Pneumothorax Without Tale Poudrage.— 

Vital capacity: Vital capacity was within normal limits in 7 out of 9 ob- 
servations during the first week following untreated pneumothorax or pneumo- 
thorax treated by underwater suction only, and was normal in all subsequent 
observations. 


Residual volume: Residual volume was within normal limits in 4 out of 7 
observations in the first week. Residual volume was abnormal in one out of 2 at 
the third week but the residual volume had decreased markedly over former 
values in both patients, one of whom had bronchial asthma. 


Total lung capacity: Changes in total lung volume were similar to changes 
in vital capacity. 

Maximal breathing capacity: The maximal breathing capacity was abnor- 
mal in 3* out of 7 patients in the first week following pneumothorax, but in no 
instance was less than 70 per cent of the normal value. After the first week, 
maximal breathing capacity became normal except in the patient with bronchial 
asthma. Comparison of the findings in the group with and without tale poudrage 
are presented in the figures. 


2. Pneumothorax Treated by Tale Poudrage.— 

Vital capacity: The vital capacity was decreased in virtually all patients. 
During the first two weeks following tale poudrage, the decrease amounted to 30 
to 80 per cent of normal and in general it was similar to the findings in patients 
with simple thoracotomy. Vital capacity began to improve at about the second 
week and by the end of eight weeks there were only 3 patients with abnormally 
low values. The inspiratory reserve volume was decreased in 12 out of 13 serial 
observations. The expiratory reserve volume was likewise decreased in 12 out of 
13 observations. Of these 12 patients, 7 showed both a decrease in expiratory 
reserve volume and an unchanged or decreased residual volume, that is, a de- 
creased functional residual capacity, signifying a shift of the end-expiratory 
position. In the remaining 5 patients, the functional residual volume remained 
essentially unchanged and the residual volume apparently was increased, suggest- 
ing an inability or unwillingness of the patient to expire completely during 
performance of the ventilatory function tests. 


Residual volume: In the serial observations, 5 of 12 patients showed a high 
residual air immediately following tale poudrage with recession to a lower, even 
if statistically still abnormal, value during the second to eighth weeks. Findings 
in residual air changes when compared on a random chart were much less 
meaningful than when considered in the same patient. 

Total lung capacity: Changes in total lung volume were similar in direction 
to changes in vital capacity and were similar to findings in patients undergoing 
thoracotomy. By the end of the eighth week there were only 2 patients with 
total lung volumes less than 90 per cent. 


*One of these patients had asthma. 
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Figs. 1 through 4.—Serial studies of the effect of pleural tale poudrage on pulmonary 
function. The ordinate represents per cent of predicted normal for the given pulmonary func- 
tion. The abcissa is time. Preoperative studies are recorded directly on the ordinate. Dotted 
lines lead from each patient’s initials to the first observations. Serial observations are con- 
nected by solid lines. 
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Maximal breathing capacity: Approximately 65 per cent of the patients 
showed a depression in maximal breathing capacity during the first two weeks. 
Although a slightly greater number of patients had a decreased capacity, the 
decrease was similar in degree to that in patients with thoracotomy. Also, the 
decrease was often more severe than in the patients in Group 1 not treated by 
tale poudrage. Improvement began between one and three weeks following tale 
poudrage. At the end of two months, 3 patients still showed an abnormally low 
maximal breathing capacity. These are discussed below. 
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Fig. 5.—Representative changes in pulmonary function following tale poudrage. The 
ordinate represents number of patients; the abscissa, time. The leftward columns in each 
figure represents patients treated by talc poudrage; the rightward columns represent those 
who did not undergo tale poudrage. No preoperative studies are plotted. Time is measured 
from the initiation of therapy. Values were abnormal when they exceeded the limits of pre- 
dicted normal. 


Walking index was abnormal in approximately one third of the patients in 
the first two weeks. This was usually a reflection of decreased maximal breathing 
capacity and in only 2 patients was there marked hyperventilation on walking. 
Similarly, only 3 patients of 25 had an abnormal basal breathing reserve. These 
oceurred in the first week and all were normal thereafter. 

Miscellaneous observations: There was no correlation between recession of 
chest pain and improvement in pulmonary function. The severe pleuritic pain 
caused by the tale poudrage was made much worse on breathing. This pain 
rapidly receded after one week but there was, however, no necessary correlation 
between the patient’s conscious awareness of pain and the results of the pul- 
monary funetion tests. Evidence that it was the tale poudrage and not the 
effects of the pneumothorax that decreased pulmonary function is recorded in 
Patients J. P. and M. C., studied following pneumothorax but prior to tale 
poudrage. They had essentially normal pulmonary function except for slight 
decreases in maximal breathing capacity. With tale therapy, pulmonary 
function decreased as in the other patients. 

The effect of multiple pneumothoraces and bilateral tale poudrage was 
illustrated in Patient F. F. A rather striking depression in pulmonary function 
took place with his first tale poudrage. During the course of recovery from this, 
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he suffered a second spontaneous pneumothorax on the other side. Tale poudrage 
was again performed. The patient at this time suffered from marked dyspnea as 
well as chest pain. Pulmonary function studies showed a decrease in vital 
capacity to 20 per cent of normal, an increase in residual volume, decrease in 
total lung capacity to 50 per cent of normal, and a decrease in maximal breath- 
ing capacity to 40 per cent of normal. Over the course of the next six weeks, 
however, he made the usual recovery with all pulmonary function tests return- 
ing to normal and remaining so at the end of a year. 

Abnormal findings persisted for an undue length of time in 3 patients. In 
one, R. G. C., the presence of bronchial asthma served to explain the decreased 
maximal breathing capacity. W. Z. suffered a violent pleural inflammatory 
reaction at the time of tale poudrage with chills, fever, and pain for one week. 
Bronchospirometry was performed eight weeks after the poudrage. At this 
time pulmonary function was still subnormal although pain was absent. There 
was a mild depression in function of both lungs with no difference between 
the affected and the unaffected side. Studies at seven and eleven months 
revealed normal findings. The moderately subnormal studies in W. P., three 
months after poudrage, remained unexplained but may have been related to 
poor motivation. 

DISCUSSION 

It is apparent that tale poudrage causes an immediate suppression in pul- 
monary function. This suppression is similar to, but possibly more severe 
than, the changes caused by thoracotomy alone. The changes consisted mainly 


of a decrease in lung volume due partly to limitation of inspiration and partly 
to a shift to the expiratory mid-position. Despite these lung volume changes, 
ventilatory function appeared to be disturbed in only 65 per cent of the pa- 
tients, probably because prepneumothorax pulmonary function values were not 
known. No definite correlation could be made between these findings and the 
presence and degree of chest pain. The most sensitive indicator of acutely 
decreased pulmonary function was the decrease in vital capacity. 


The findings of this study are similar to those in patients having under- 
gone thoracotomy,’ or with acute inflammatory pleuritis.* This similarity 
would suggest that the effect is related in some way to irritation of the pleural 
surface. The restriction of ventilatory movement occurs, however, whether 
or not there is associated pain. The role of pleural irritation is suggested also 
by the fact that spontaneous pneumothorax itself, even before re-expansion of 
the lung, causes relatively little depression in pulmonary function. 

The recovery of normal pulmonary function within a two-month period in 27 
of 30 patients is similar to the findings of Paul and associates.* It is evident 
that tale poudrage does not cause a restrictive pleuritis during the acute in- 
flammatory stage. Seven studies performed twelve months or more after 
poudrage were all normal. Whether or not a restrictive pleuritis will develop 
over the course of many years, however, remains to be seen. 
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SUMMARY 


Observations of pulmonary function following pleural tale poudrage have 
been made in 30 patients. 

The majority of patients showed restricted lung volumes, particularly 
in the inspiratory and expiratory capacities. Over one half the patients 
showed a decreased ventilatory function. 

Recovery took place within eight weeks in almost all patients. There was 
no evidence of restriction attributable to pleural reaction in this group or in 7 
patients studied one year or more following poudrage. 

The similarity of the functional pattern to that following thoracotomy and 
acute pleuritis is emphasized. 
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MYOCARDIAL REVASCULARIZATION BY A NEW METHOD OF 
CARRYING BLOOD DIRECTLY FROM THE LEFT VENTRICULAR 
CAVITY INTO THE CORONARY CIRCULATION 
C. Massmo, M.D., ann L. Borrr, M.D. 

FLORENCE, ITALY 


HERE are three surgical methods for myocardial revaseularization : 

1. Production of a new arterial blood supply to the myocardium: by means 
of different kinds of flaps (Beek,' O’Shaughnessy,? Lezius,? Key,‘ Moran,° 
Garamella®) encouraging adhesions between the epicardium and pericardium 
(Thompson’), by inserting an arterial vessel directly into the myoeardium 
(Vineberg*), or by substituting an arterial graft for the obstrueted coronary 
artery segment (Murray®). 

2. Producing venous stasis or a reversal of the coronary cireulation: by 
ligature of the mouth of the coronary sinus (Beck No. 1), or by grafting a 
systemie artery into the coronary sinus and, in a second stage, reducing the 
coronary sinus outflow (Beek No. 2).'° 

3. Improving the myocardial circulation by indirect means: by section of 
the preaortie plexus (Arnulf!'), resection of the cervical thoracic sympathetic 
nerves (Jonnesco'™), periarterial sympathectomy of the coronary artery 
(Fauteux'), or ligature of the internal mammary arteries (Battezzati'*). 

As a matter of facet, all these techniques are effective in two ways: on the 
one hand, they produce an increased supply of blood to the myoeardium while, 
on the other hand, favoring the pateney of interarterial coronary anastomoses. 
In physiologic conditions these anastomoses are seldom seen in man (Zoll™) 
but become evident by means of a pathologie stimulation of the myoeardium or 
pericardium. 

The work started by Beck, in 1932, led to the development of the coneep- 
tion of ‘‘reversal’’ of the coronary circulation and opened a new ehapter in 
the field of coronary surgery, giving impetus to new researeh work. At first, 
we too were interested in that problem, but we gave it up beeause a critical 
review of Beek’s No. 2 operation showed that while the effects of the reversal 
of coronary blood flow were good in the initial stages, later there was diminu- 
tion either of the amount of retrograde flow or impairment of the pateney of 
the new anastomotie branches (Bakst'*'*). We believe that Vinebere’s idea of 
myoeardial revascularization by direct implant of the mammary artery should 
have the uppermost consideration. Vineberg himself has stressed the reasons 
why his procedure shoudld give good results, namely: sinee a fine vascular net- 
work surrounds the myocardial fibers, the myocardium—especially in the 
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subendocardial layer—may be compared to a spongy tissue. Hence the blood, 
carried directly by the grafted artery, will not result in a hematoma, but should 
flow directly into the myoeardial circulation through the fine sinusoidal net- 
work of the myocardium (Vineberg’®). This peculiarity allows an immediate 
surgical anastomosis between the two cireulatory systems. 

Though this new concept is due to Vineberg, nonetheless, from the prac- 
tical point of view it presents some difficulties. While the anastomosis of the 
mammary artery to the myocardium is technically easy, the possibility of acci- 
dents quite improbable, and operative mortality quite low (20 per cent in the 
45 patients operated upon by Vineberg), still it is doubtful whether the artery 
will remain patent. In Vineberg’s 7 eases in which post-mortem was _ per- 
formed between 10 hours and 10 days after operation, patency of the artery 
was found in 5 (71 per cent). What then would be the percentage after 10 
months? Vineberg recommends that many precautions be taken in manipulat- 
ing and preparing the mammary artery in order to avoid thrombosis. We 
believe that the pressure inside the mammary artery is too low and the blood 
flow too slow to prevent the occurrence of endarteritis and thrombosis. 

It is self-evident that, whatever procedure is chosen for attaining myo- 
cardial revascularization, the new blood supply must be carried under a cer- 
tain amount of pressure, and the new channels, artificially created, should not 
become obstructed. 

Because of this, and making use of Vineberg’s new conception, we studied 
experimentally a new way for producing a collateral blood flow to the myo- 
cardium: we tried to earry the blood directly from the ventricular cavity it- 
self into the coronary circulation. Up to now this route has been followed by 
few people: Enria?° inserted the left auricular appendix into the ventricular 
myocardium; Goldman”! in a recent paper describes a new method, still in the 
experimental stage, by which he inserts a U-shaped arterial graft into the myo- 
eardium. 

We thought that the best way to carry blood at high pressure into the 
coronary vascular bed was that of using the blood of the left ventricle itself 
by means of a small plastic tube. In spite of what Wiggers”? has claimed, we 
have good reasons to think that it is possible to carry a flow of blood from the 
left ventricular cavity into the myocardium. 

We used a T-shaped polyethylene tube, 4 mm. in diameter, its vertical 
arm 15 mm. and its horizontal branch 20 mm. long. This device was inserted 
in such a way that the horizontal branch was imbedded inside the ventricular 
wall (subendocardial layer) along the latter’s major axis and the vertical 
branch communicated by its free end with the ventricular eavity. We thought 
that plastic material would be more suitable for our purpose than an arterial 
autogenous graft, as proposed by Goldman, since the latter is liable to become 
obstructed both by degenerative processes and by compression due to myocardial 
contractions. Goldman himself complains that almost all grafts he has applied 
have become obstructed. 





Lt oly MYOCARDIAL REVASCULARIZATION 
OPERATIVE TECHNIQUE 

We carried out our experiments on 32 dogs of large size (between 15 and 
20 Kg.). General anesthesia was used (morphine, atropine, Pentothal, and 
oxygen by endotracheal tube). Through the left fifth intercostal space, after 
retracting the lung, the pericardium was exposed and an incision was made 
along the course of the phrenic nerve. The edges of the incised pericardium 
were sutured to the skin, exposing in this way the left cardiac margin. A 
suture was passed through the apex in order to keep the heart taut. An in- 
cision, 2 em. long, was made in an avascular area of the left ventricle in front 
of the left anterior descending artery and above the apex. In this way the 
projection of the incision cuts through the mitral conus. The incision was deep- 
ened almost to the endocardium. Before perforating it, a U-shaped suture, 
which could be pulled tight in an emergency, was passed through the lips of 
the myocardial incision. Then, through a small slit made through the endo- 
cardium, the vertical branch of the plastic prosthesis was inserted into the 
ventricular cavity in such a way that the horizontal branch would lie in the 
subendocardial layer. The U-shaped suture was tied, the pericardium was 
sutured, and, after re-expanding the lung, the pleural cavity was closed. 

The operation lasts about an hour. Immediate operative mortality has 
been 10 per cent. 

We emphasize the importance of applying the horizontal branch as close 
as possible to the endocardium because it is just there that the establishment 
of anastomotic connections with the coronary circulation is most likely. In 
fact, as one goes close to the endocardium, one finds a cleavage space where the 
horizontal branch can be easily embedded. This space is occupied by spongy 
vascular tissue, as mentioned above, and here new vascular connections are 
easily formed. Before suturing the myocardium, we have verified that blood 
flows from both ends of the horizontal branch synchronously with each systolic 
contraction. Once the suture of the myocardium is completed, all bleeding 
ceases, and we have never encountered signs of the formation of a hematoma; 
in short, we had the impression that the blood from the ventricle passed directly 
into the coronary circulation through the ends of the horizontal branch of the 
tube, establishing a steady flow of blood. Cardiae oscilloseopy and frequent 
electrocardiographs were systematically taken before and during surgery. In 
all cases, post-mortem examinations were performed from 2 days up to 6 
months after surgery, and in all cases pleuropericardial and intrapericardial 
adhesions were found at the site of the thoracic incision. Once the heart was 
freed from those adhesions, its external aspect was absolutely normal, and no 
signs of aneurysm were found. The cardiae cavities were always found free 
from thrombosis. The vertical branch of the prosthesis was very seldom found 
protruding into the ventricular cavity, always being located in front of the 
posterior papillary muscle and unobstructed in 80 per cent of our eases. The 
margin of the ventricular end of the tube was often covered by endothelium, and 
it looked like a depression similar to that formed by the crests of the papillary 
muscle or a vascular ostium similar to that of the coronary artery itself. 
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Fig. 1.—Schematic sketches of the different operative stages. 
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Fig. 2.—Location of the plastic prosthesis inside the venturicular wall and its relationship with 
the coronary circulation (modified from Vineberg). 
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Fig. 3.—The end of the tube protrudes into the left ventricular cavity. 


Kig. 4.—The end of the plastic tube is still patent but covered by endothelium and looks like 
any vascular ostium. 





262 MASSIMO AND BOFFI J. Thoracic Surg, 

We believe the injection of both celloidin and radiopaque fluids through the 
vertical braneh of the T-shaped plastie prosthesis to have demonstrated new 
anastomoses between the left ventricle and the coronary circulation. Histologic 
slides made from tissue around the prosthesis showed no degeneration of either 
the muscular or the elastie fibers, but only a mild lymphoeytie infiltration. These 
latter findings need further confirmation and will be published in a later article. 


CRITICISM OF OUR PROCEDURE 

Our proceedings could be eriticized from many points of view. (1) Above 
all, our theoretical suppositions are contradicted by Wiggers’ observations ac- 
cording to which a flow from the ventricular cavity to the myocardium during 
systolic contraction is impossible. We have no personal experience in this 
field; nonetheless, we are in accordance with those authors who disagree with 
the above-mentioned theory, particularly Prinzmetal.** 74 (2) Second, one 
should take into consideration the damage brought about by an incision, no 
matter how small, into an already damaged myocardium. But we stress that the 
incision is made in a relatively avascular area of the ventricular wall, in such 
a way that no important coronary branch is severed. Vineberg’s method could 
he criticized for the same reason. Yet such hypothetical damage could be im- 
mediately compensated for by an inereased flow of blood. (3) The possibility 
of a callus formation or the eventual development of a ventricular aneurysm 
at the site where the plastic tube was inserted is refuted by the microscopic 
slides, which did not show any connective tissue reaction except between the 
plastie tube and the epicardium, where stitches were applied. It seems evident 
that the ventricular wall was not impaired by this procedure. In fact, no myo- 
cardial aneurysm was observed in dogs killed after 6 months. Some of the 
dogs operated upon have been put through marked physical effort; others 
have even been used for hunting! 


ADVANTAGES OF OUR PROCEDURE 

We deem it quite practical to use the left ventricular cavity as a source 
of blood supply. By our method we approximate normal anatomic conditions 
regarding the site of the new arterial orifice, and we approximate the hemo- 
dynamie characteristics of coronary flow, especially intracoronary blood pres- 
sure. The high blood pressure under which we carry the new blood supply 
into the myocardium not only favors the devetopment of an anastomotic and 
collateral myocardial circulation, but also allows ranges of blood pressure and 
velocity in the coronary circulation which are close to the normal. 

The so-called protective action temporarily given by many procedures of 
revascularization should be reviewed with some criticism. First of all, there 
does not exist a true functional test, even that of Beck being unreliable. Second, 
all procedures used so far have one point in common; they bring about peri- 
cardial adhesions and these adhesions act both as a mechanical stimulus to the 
myocardium and as carriers of new blood channels to the coronary circulation 
(Stanton?’). 
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Our technique and our experience are in the experimental stages, but, 
nevertheless, we wish to stress some concepts which we believe to be funda- 
mental: (a) whatever operation one chooses must guarantee a steady flow of 
new blood to the myocardium; and (b) this new flow must exceed the 5 ¢.e. per 
minute which is necessary to prevent the ‘‘trigger mechanism’’ during a myo- 


eardial infarction. 

Revascularization of the myocardium is not effected during the acute stage, 
but as a preventive in eases of coronary insufficiency, or in a later stage when 
infarction has healed. In the above-mentioned circumstances, one requires not 
only more than 5 e.e. of blood per minute, but also blood under a high pressure 
in order to re-establish the normal hemodynamic conditions of the coronary 
circulation. As Bailey? says, in view of the fact that atherosclerotic changes 
do not affect the intramyocardial vessels, one may obtain good results onee suf- 
ficient revascularization is brought about. 


SUMMARY 


We have reviewed critically the different methods applied so far to carry 
new blood supply to the myocardium and to develop a new collateral coronary 
circulation in eases of coronary thrombosis. We then deseribe a new method 
to reach that goal. By this method the new blood supply is carried directly 
from the left ventricular cavity to the coronary circulation by means of a 
T-shaped plastic tube, the vertical branch of which is directly connected with 
the left ventricular cavity, while its horizontal branch is embedded in the myo- 
eardium. So far, this new technique has been performed experimentally on 
32 dogs, with favorable results. It seems that the blood thus transported enters 
immediately into the coronary circulation, and a continuous flow of blood is 
established under sufficient pressure. We consider this last point as a par- 
ticularly important requisite in any operation for revascularization of the myo- 
eardium, and have already undertaken further experiments in order to confirm 
what so far had been only an impression. The final results will be published 
later. 

REFERENCES 

1. Beck, C. S.: Development of a New Blood Supply to the Heart by Operation, Ann. 
Surg. 10: 801, 1933. 

. O'Shaughnessy, L.: An Experimental Method of Providing a Collateral Circulation to 
the Heart, Brit. J. Surg. 23: 665, 1936. 

3. Lezius, A.: Die anatomisechen und funktionellen Grundlagen der Kunstlichen blutver- 
sorgung des herzmukels durch die lunge bei coronararterienverschluss, Arch. klin. 
Chir. 191: 101, 1938. 

. Key, J. A., Kergin, F. G., Martineau, Y., and Leckey, R. G.: A Method of Supplementing 
the Coronary Circulation by a Jejunal Pedicle Graft, J. THoracic Sure. 28: 320, 
1954. 

. Moran, R. W., Neumann, C. G., von Wendel, G., Lord, J. W., Stone, P. W., and Hinton, 
J. W.: Revaseularization of the Heart by Tubed Pedicle Graft of Skin ana Sub- 
cutaneous Tissue, Plastic & Reconstruct. Surg. 10: 295, 1952. 

j3. Garamella, J. J., Hay, L. G., George, V. P., and Jensen, N. K.: Modified Cardio- 
pneumopexy Employing Segmental Resection: An Experimental Method With 
Directional Flow Studies, Surgery 39: 374, 1956. 

Thompson, S. A., and Raisbeck, M. J.: Cardiopexy: The Surgical Treatment of Coronary 
Arterial Disease by Establishment of Adhesive Pericarditis, Ann. Int. Med. 16: 
495, 1942. 





264 MASSIMO AND BOFFI J. Thoracic Surg. 


August, 1957 


. Vineberg, A.: Clinical and Experimental Studies in the Treatment of Coronary Artery 
Insufficiency by Internal Mammary Artery Implant, J. Internat. Coll. Surgeons 22: 
503, 1954. 

. Murray, G.: The Surgical Treatment of Coronary 
100, 1952. 

. Beck, C. S., Stanton, E., Batiuchok, W., and Leiter, E.: Revascularization of the Heart 
by Graft of Systemic Artery Into Coronary Sinus, J. A. M. A. 137: 436, 1948. 

. Arnulf, G.: La resection du plexus preaortique dans l’angine de poitrine, Areh. mal. 
coeur 42: 1191, 1948. 

. Jonneseo, T.: Traitement chirurgical de l’angine de poitrine par la resection du sympa- 
tique cervico-toracique, Bull, Acad. méd. 84: 93, 1920. 

Fauteux, M., and Palmer, J. H.: Treatment of Coronary Disease With Angina by 
Pericoronary Neurectomy Combined With Ligation of the Great Cardiac Vein, Am. 
Heart J. 31: 260, 1946. 

. Battezzati, M., Tagliaferro, A., and DeMarechi, G.: Legatura delle due arterie mammarie 
interne nei disturbi di vaseolarizzazione del mioeardio, Minerva med, 11: 1178, 
1955. 

. Zoll, P. M.: Demonstration of Rarity of Interarterial Coronary Anastomosis in Man, 
Tr. Am. Coll. Cardiol. 1: 29, 1951. 

. Bakst, A. A., Costas-Durieux, J., Goldberg, H., and Bailey, C. P.: Protection of the 
Heart by Arterialization of the Coronary Sinus. II. Coronary Flow in Dogs With 
Aorticocoronary Sinus Anastomosis, J. THORACIC SurG. 27: 442, 1954. 

Bakst, A. A., Adam, A., Goldberg, H., and Bailey, C. P.: Arterialization of the Coronary 
Sinus in Occlusive Coronary Artery Disease. III. Coronary Flow in Dogs With 
Aorticocoronary Sinus Anastomosis of Six Months’ Duration, J. THORACIC SURG. 
29: 188, 1955. 

. Bakst, A. A., and Bailey, C. P.: <Arterialization of the Coronary Sinus in Occlusive 
Coronary Artery Disease. IV. Coronary Flow in Dogs With Aorticocoronary Sinus 
Anastomosis of Twelve Months’ Duration, J. THoRAcIC Sure. 31: 559, 1956. 

. Vineberg, A., and Buller, W.: Technical Factors Which Favor Mammary-Coronary 
Anastomosis; Report of Forty-Five Cases of Human Coronary Artery Disease Thus 
Treated, J. THORACIC SurG. 30: 411, 1955. 

. Enria, G., and Ferrero, N., From Dogliotti, A. M.: Tecnica operativa, 2: 75, 1956, 
Utet, Torino. 

. Goldman, A., Greenstone, S. M., Preuss, I. S., Strauss, S. H., Chang, E. §.: Experimental 
Method of Producing a Collateral Circulation Into the Heart Directly From the 
Left Ventricle, J. THORACIC SurG. 31: 364, 1956. 

. Wiggers, C. J.: The Functional Importance of Coronary Collaterals, Circulation 5: 
609, 1952. 

. Prinzmetal, M., Simkin, B., Bergman, H. C., and Kruger, H. E.: Studies on the Coronary 
Circulation. II. The Collateral Circulation of the Normal Human Heart by Coronary 
Perfusion With Radioactive Erythrocytes and Glass Spheres, Am. Heart J. 33: 
420, 1947. 

Prinzmetal, M., Bergman, H. C., Kruger, H. E., Schwartz, L. L., Simkin, B., and Sobin, 
S. S.: Studies on Coronary Circulation: Collateral Circulation of Beating Human 
Hearts and Dogs’ Hearts With Coronary Occlusion, Am. Heart J. 35: 689, 1948. 

. Stanton, E. J., Schildt, P., and Beck, C. 8.: The Effects of Abrasion of the Surface 
of the Heart Upon Intercoronary Communications, Am. Heart J. 22: 529, 1941. 

Bailey, C. P.: Surgery of the Heart, Philadelphia, 1955, Lea & Febiger. 


Thrombosis, Canad. M. A. J. 67: 





IVALON AS A CHEST WALL PROSTHESIS 


Epwarp A. Frrcu, M.D., HENry Goopwin GLaAss, M.D., AND Frep H. Aves, M.D. 
Houston, TEXAS 


ATISFACTORY closure of large chest wall defects remains an unsolved 

problem in many instances. This is borne out by the large number of meth- 
ods which have been advocated.’ * 11 Although an airtight seal is usually 
easily accomplished, the required rigidity necessary to prevent paradoxical 
respiration is not always achieved. 

We wish to present our method of closure of a relatively large posterolateral 
operative chest wall defect in an 8-month-old infant. Ivalon sponge, com- 
pressed into a sheet 2 to 3 mm. thick, possessed the required qualities neces- 
sary to fill the operative defect and still retain sufficient rigidity to allow 
immediate normal respiration without paradoxical movement. 


CASE REPORT 

The infant was admitted to the hospital on Jan. 19, 1956, with the presenting com- 
plaint of bilateral posterior tumor masses.2, 5-7, 9, 10, 15,16 These tumefactions had been noted 
at birth. The right one soon disappeared externally, leaving a dimple marking its original 
position, while the one on the left remained relatively unchanged. Roentgenologically the 
tumors enlarged slowly, remaining comparative in size with the growth of the infant. X-rays 
revealed bilateral calcified tumors widening the tenth interspaces, apparently arising from 
the tenth rib on each side. 

Complete circumferential excision’? of the tumor on the left was performed on Aug. 
1, 1956. The pathologic diagnosis was chondroma. 

The operative procedure resulted in a chest wall defect in the costal plane measuring 
6 by 7 em. This was a relatively enormous defect in the 15-pound infant. It was imme- 
diately obvious that covering this chasm with only the thin superficial tissues would expose 
the infant to dangerous paradoxical respiration. Three substances were available for the 
chest wall repair. Tantalum mesh!! was rejected because it seemed unwise to place this 
abrading surface in direct contact with the lung. Lyophilized dura mater’, 18 seemed too 
flexible for the purpose. A Zephiran-soaked sheet of Ivalon sponge, pressed to a 2 to 3 
mm. thickness from an original block 2 em. thick, seemed to offer a solution. While not 
completely rigid, its density possessed sufficient resiliency to avoid excessive retraction dur- 
ing inspiratory efforts of the infant. The sheet was cut to fit the defect, and stitched to 
the periphery with No. 3-0 cotton interrupted sutures. An available strip of periosteum from 
the excised ribs was laid over the plastic, and the superficial tissues closed. A chest tube 
was inserted, and the lung expanded—to lie directly against the Ivalon sheet. Postoperative 
auscultation, roentgenograms, and fluoroscopy showed a firm chest wall, no paradoxical res- 
piration, no hydrothorax, no friction rub, and no pneumonitis. There was a febrile post- 
operative course for ten days which was attributed to a foreign-body reaction. 


Polyvinyl formol acetate (Ivalon) sponge’ is a plastic with remarkable 
properties. In its short medical history it has been used as plombage material 
in extrapleural collapse procedures on the tuberculous lung, as an intrapleural 
space-filling material after pneumonectomy and lobectomy, as a build-up tissue 
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in plastic surgery, as a covering sheet in neurosurgery, and as synthetic blood 
vessels’ in a compressed and molded condition. Supplied commercially in block 
form, it must first be washed thoroughly in water to remove its hygroscopic 
agent and formalin antiseptic. It is then ready tor cutting, shaping, and 
compressing as determined by the clinical usage necessary. It possesses a 
‘*form memory’? which tends to return the plastic to its original form and 
density after alteration by pressure and heat. In this case, the original block 
was cut into smaller blocks about 2 em. thick. This was then wet and com- 
pressed to a thickness of 2 to 3 mm. between two pine wood blocks, held in 


Fig. 1.—Chest film showing the bilateral rib tumors prior to excision. 


position by U-clamps. It was ‘‘fixed’’ in this position by autoclaving for twenty 
minutes. Even so, the ‘‘form memory’’ of the plastic would tend to return it 
to its original shape and density were its temperature to be raised to 95° C. 
while in a dampened condition. The tendency is not great nor grossly evident 
if the material is kept absolutely dry while exposed to the high temperature 
of a steam autoclave. It has no carcinogenic properties. Foreign-body reaction 
is uncommon, but febrile reactions and seromas have been observed. In our 
experience, we have been unable to rule out insufficient washing of the original 
product as a cause of any observed reaction. The sponge, if not compressed 
excessively, retains its interstices, into which at first serum and fibrin permeates, 
followed by tissue cells. It is not always necessary to remove the material if 
infeetion oceurs; the usual measures often sterilize the area. The material 
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Fig. 2.—The massive chest wall defect resulting from the removal of a large chondroma 
of the ribs is evident. 


Fig. 3.—A compressed Ivalon sheet is tailored to fit the defect, and stitched to its 
periphery. 
Fig. 4.—The fixation of the Ivalon sheet is complete, 
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. 
retains its original strength and compression indefinitely; indeed, it is strength- 
ened as the body tissues grow into its interstices. The only evidence of ‘‘wan- 
dering’’ (detachment) has been observed experimentally in dogs following its 
use in unsuccessful aortie graft implantation. Here it would seem that if 
thrombosis occurs soon after surgery and the animal survives, the tubular pros- 
thesis becomes impregnated with host tissues only on its external surface, 
the ends of the host’s vessel undergo occlusion, and the prosthesis may even- 
tually lie askew from its original alignment with the anastomosed vessel. In 
such eases the suture remains attached to the graft. To date, it is unknown 
if sheet prostheses of Ivalon may undergo this ‘‘wandering.’’ The exact fate 
of the sheet with its constant dimensions in relation to the expanding size of 
a growing infant is unknown. 

At the time of this writing, a 3-month follow-up on the ease presented has 
revealed no clinical or roentgenographie complications. This material has been 
used in two other instances, in one case in a 24-year-old Negro woman with a 
postoperative thoracic hernia’? and more recently in the case presented. 


SUMMARY 


A preliminary report on the use of compressed sheets made of Ivalon 
sponge as a chest wall prosthesis is presented. At this early date they are fune- 
tioning admirably and deserve further study. 


ADDENDUM 


Both patients referred to in this article were last seen in June, 1957, and remain 
clinically eured, 
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SURGICAL RESECTION OF THE THORACIC TRACHEA : 
AN EXPERIMENTAL STUDY IN DOGS 
DD. KE. StRANDNEsS, JR., M.D., [. J. Gusrarson, M.D., anv J. T. PAYNE, M.D. 
SEATTLE, WASH. 
N recent years a great deal of experimental work has been directed toward 
surgical resection of the thoracie trachea. In the past, neoplastic disease 


involving the trachea, either primarily or secondarily, has in most instances 
rendered the lesion inoperable. At present there are no completely satisfae- 
tory methods for resecting large segments of the thoracie trachea extensively 


involved by disease. In order for a procedure of this magnitude to be satis- 
factory, the criteria as presented by Carter and Strieder' must be adequately 
fulfilled. These criteria demand that: (1) an adequate airway be maintained 
during the operative procedure, (2) an airtight reconstruction be obtained, 
(5) the reconstruction must provide a mucus-free postoperative period, (4) 
no late stenosis develop, and that (5) minimal bacterial contamination occurs 
at the time of operation. 

Experimental studies have been directed along the following lines: (1) 
simple excision of the tracheal segment with anastomosis of the proximal and 
distal segments? *; (2) use of homologous grafts to replace the exeised seg- 
ment® *°; (3) use of metal, glass, or plastic tubes to replace the excised seg- 
ment®*; and (4+) use of stainless steel mesh or tantalum mesh covered by free 
oratts: °°? 

Excision with direct anastomosis has been studied by Ferguson and as- 
sociates.2 In 58 dogs, up to 8.8 em. of cervical trachea was resected in a single- 
stage procedure. In 36 animals, the mucosal euff was not utilized and late 
stenosis developed in 3 animals. Kiriluk and Merendino® reseeted varying 
lengths of thoracic trachea in 4 dogs (4 to 11 rings) with stenosis occurring 
as early as sixty-three days. 

The use of homologous tracheal grafts has been studied by several inves- 
tigators.2 *° The problems encountered and the results obtained were similar. 
Generally, the following results were found to occur: (1) re-epithelization 
would occur across the grafted segment, (2) the cartilage would resorb and be 
replaced by fibrous tissue, (3) a rigid tube would not result, and (4) late 
stenosis developed very frequently. 

Davies and co-workers® supported tracheal homografts with polyethylene 
tubes. The animals uniformly did well as long as the tubes remained in place. 
Clagett? also used polyethylene tubes and found that the tubes were tolerated 
well and no difficulty was encountered until the tube was removed. 
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Daniel® replaced the defect produced by excision of the thoracic segment 
with rigid tubes of Vitallium and Pyrex glass. Twenty-one dogs were used 
and 15 of these survived the procedure. The periods of sacrifice in the sur- 
Viving animals varied from two weeks to six months. New cartilage could be 
seen growing in the granulation tissue surrounding the tubes. 

The use of stainless steel or tantalum mesh" * ® has been uniformly unsuc- 
cesstul. Leakage at the grafted site, obstruction, and stenosis have rendered 
the material and procedure not feasible for clinical use. 

A review of these and other results suggested that some method for mob- 
ilization of the individual’s own trachea might be devised which would be su- 
perior to the various grafts and prostheses used to date. Three phases of this 
problem were studied: 

1. The extent of devascularization, without transection, that the trachea 
would withstand. 

2. The possibility of using tracheal segments as autografts. 

3. The mechanism of healing of the devascularized trachea. 


METHODS 


Two groups of adult mongrel dogs were used. Anesthesia was intra- 
venous Nembutal, 30 mg. per kilogram of body weight. In each instance the 
animal was intubated and respirations were controlled with a mechanical 


respirator. <A right lateral thoracotomy incision was made between the third 
and fourth ribs. In some instances, a rib was resected for better exposure. 
In each instance the azygos vein was ligated and divided. 

With the first group of animals, after dividing the mediastinal pleura over 
the trachea, the entire thoracie portion was completely mobilized by blunt and 
sharp dissection from the thoracic inlet to the carina, 


With the second group of animals, the following procedure was followed. 
The entire cervieal trachea was completely mobilized through a midline cervi- 
eal incision. Following this, the entire thoracic portion was completely mobi- 
lized through a right lateral thoracotomy incision. The cervical trachea was 
then completely divided, approximately one to 2 em. below the larynx. A 
No. 26 Foley catheter was then inserted into the distal end and connected to 
the mechanical respirator. Two No. 3-0 silk stay sutures were then placed 
through the trachea on both sides of the segment to be excised. This facili- 
tated control of the cut ends after excision of the thoracic segment. In the 
first 5 animals, following excision of the segment, the cut ends were rapidly 
approximated with the stay sutures and the Foley catheter was passed be- 
yond the anastomotic site. Anastomosis was then achieved with a running 
No. 3-0 catgut suture. With this method, a great deal of difficulty was en- 
countered in suturing the posterior portion, since all the suturing was done 
from the outside of the trachea. In the last 4 animals, the Foley catheter was 
passed into the distal portion alone and the bag partly inflated. By this 
method the posterior portion of the trachea was sutured from the inside. 
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This was found to be technically less difficult and an airtight anastomosis was 
more easily achieved. In those cases where overlapping of the cut ends was 
noted, interrupted No. 3-0 silk sutures were used to reinforce those areas. 

After completion of the anastomosis, the mediastinal pleura was loosely 
reapproximated. The chest was closed in layers and a chest tube brought out 
through a stab wound and connected to suction. The chest suction was main- 
tained for varying intervals of time and discontinued only when clamping the 
tube did not result in respiratory distress. 

A permanent skin tracheustomy was completed by approximating the 
skin to the wall of the trachea. The laryngeal end of the divided cervical 
trachea was brought out to skin also. 

Tracheal aspiration, three to four times daily, was performed beginning 
with Animal 4, and was continued up until death in each instanee. 


RESULTS 

All 4 of the animals in Group I did well postoperatively. Gross and micro- 
scopic studies of the trachea, up to five months after the original operation, 
revealed no changes other than dense peritracheal adhesions. 

The results of the second group of animals is shown in Table I. The 
anticipated difficulties were encountered as expected. Two animals died in 
the immediate postoperative period because of a pneumothorax. This was 
due to a faulty anastomosis with resultant leakage at the anastomotic site in 
both instances. One rolled over and pulled the chest tube out when recover- 
ing from anesthesia; another had a large defect in the posterior surface of the 
trachea which failed to seal. When the posterior part of the trachea was su- 
tured from the inside, as was done with the last 4 animals, this complication 
was not encountered. 


TABLE I. RESULTS OF THE EXPERIMENTS IN GROuP II 








AMOUNT RESECTED 
DOG NUMBER (CM. ) SURVIVAL TIME CAUSE OF DEATH 





1.5 20 hours Atelectasis 

2.5 4 days Atelectasis and pneumonia 
2.5 6 hours Pneumothorax 
2.2 3 days Acute anoxia (7?) 
5) 
5 


4 2 hours Pneumothorax 
r 9 days Acute anoxia 


42 days Tracheotomy tube occluded 
Hy 9 hours Unknown 
9* 3.5 6 days Sacrificed 
Catgut sutures were used on all the dogs except one. 
*Silk sutures were used on this dog. 





The major problem encountered with this group of animals was retained 
secretions. Four animals were lost because of this problem. As the experi- 
ment progressed it became obvious that tracheal aspiration, three to four 
times daily, was absolutely necessary for maintenance of life. The amount 
of secretions was great and did not begin to decrease until about the eighth 
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day. At no time, in any of the animals of this group, did the amount of seere- 
tions diminish sufficiently to permit the animal to handle them adequately. 
In 3 animals, the formation of thick, viscid and mucopurulent casts necessi- 
tated their removal with biopsy forceps through a bronchoscope. 


One animal died following a bronchoscopy. Very light anesthesia had 
been given and no cause for death could be found at autopsy. With secretions 
collecting on the skin of the neek, the redundant skin margins about the 
tracheostomy often fell together, obstructing the airway. It appeared that 
this may have occurred with this animal. Because of this fact, tracheotomy 


tubes were used thereafter. 


Fig. 1.—Trachea from Dog. 7. The proximal rings grossly appear normal while immedi- 
ately below there is an area of necrosis. On histologic section this area was infected and 
necrotic. Note the stenosis at the site of anastomosis. 

One was sacrificed at six days because of a severe infection of the incision 
in the neck. At autopsy the upper four tracheal rings were infected and 
necrotic. The anastomosis was intact and appeared to be healing well. 

The trachea of Dog 7 revealed changes shown in Fig. 1. The proximal 
rings grossly appeared normal while immediately below there was an areé 
of stenosis. This area of the trachea was infected and necrotic. The tip of 
the tracheotomy tube came to rest against this area and probably was the ex- 
citing factor, with secondary infection. 
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Fig. 2.—Tracheal mucosa, Animal 9, taken 2 cm. proximal to anastomosis. The epi- 
thelium is stratified squamous with cornification of the surface layer of cells (approximate 
magnification, 400). 


Fig. 3.—Tracheal mucosa, Animal 7, taken 2 cm. distal to the skin tracheostomy. The 
type of epithelium found at this site was columnar with a great deal of submucosal edema 
and inflammation (approximate magnification, «400). 
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Histologic studies of the tracheal mucosa showed that by the fourth day 
the mucosa was either partially or completely sloughed. The only notable 
exception to this was in Animal 9 (Fig. 2). Sections taken proximal and 
distal to the anastomosis in this animal revealed stratified squamous epi- 
thelium without any evidence of necrosis. The assumption was made that this 
change was present prior to the surgery. Unfortunately, no control sections 
were taken at the time of surgery. 

In Animal 7, the entire grafted segment was re-epithelized. As is shown 
in Fig. 3, the type of epithelium seen was mainly columnar. In other areas 
the epithelium varied from transitional epithelium to stratified squamous epi- 
thelium. In none of the areas examined was ciliated epithelium found. 


ba 
co 


Fig. 4.—Cartilage from Animal 7. The matrix is unevenly stained, the cartilage capsules 
poorly defined and vacuoles are present in the matrix (approximate magnification, 300). 


Histologic studies of the cartilage revealed consistent changes only in 
Animal 7 (Fig. 4). No definite conelusions could be drawn from these ob- 
servations. 

DISCUSSION 

In the first group of animals, extensive stripping and mobilization did not 
result in any gross or microscopic changes in the thoracic trachea. Pressman’ 
demonstrated that the blood supply of the dog trachea is segmental and that 
each pair of tracheal rings has independent blood supply from vessels which 
branch off at intervals from a vessel running parallel to the trachea. He found 
that necrosis resulted when segments of trachea were wrapped with tantalum 
foil over which a thin layer of polyethylene sponge was placed, two rings 
above and below the foil. Necrosis apparently did not develop in our first 
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group of animals because the trachea was allowed to remain in contact with 
its bed and sufficient collaterals developed. It also seems likely that a portion 
of the blood supply in the submucosa must be sufficient to aid in preventing 
necrosis. 

With the second group of animals, mobilization plus transection at two 
levels resulted in partial or complete slough of the tracheal mucosa, except in 
one instance. The mucosa in Animal 9 did not necrose and microscopically 
was found to be cornified stratified squamous epithelium. The same type of 
epithelium was found in the major bronchi. Thus the possibility is raised 
that this was present prior to surgery. To support this interesting observa- 
tion further, Condon" states that the presence of keratin indicates true squa- 
mous metaplasia which, according to his studies, does not occur with regen- 
erating respiratory epithelium. Keratin was never observed in any of the 
other animals in this group. The possibility exists that a pathologic process 
occurring prior to operation, such as vitamin A deficiency, may have been 
responsible for the squamous metaplasia. Further support for this is that, at 
the time of operation, the cartilage was soft, easily torn, and was difficult to 
suture. This had not been encountered in previous animals. The stratified 
squamous epithelium, being of a more primitive type, was probably more re- 
sistant to the vascular changes which occurred. 

In the remainder of the animals in this group, complete mucosal slough 
occurred and was usually complete by the fourth day. Re-formation of epi- 
thelium had already begun by the ninth day, and in Animal 7 the entire 
trachea was re-epithelized by the forty-second day. In no instance was normal 
ciliated respiratory epithelium re-formed. Condon," in studying the regen- 
eration of tracheal epithelium, found that whether or not the epithelium would 
revert to the mature respiratory type was dependent upon the submucosa. If 
submucosal edema or inflammation were present, the epithelium would revert 
to the more immature squamous type in each instance. 

Loss of the ciliary apparatus and the inability to cough effectively seri- 
ously hampered the animals in the second group. Boyd and co-workers” have 
shown that tracheotomized animals can handle many times the normal amount 
of respiratory tract fluid. When the ciliary apparatus was destroyed by in- 
halation of live steam or ammonia, the animal could still handle approximately 
normal amounts of secretions but could not adequately handle increased 
amounts. The animals in this group were totally unable to handle adequately 
their secretions. 

The survival of autogenous cartilage grafts has been studied extensively 
by many investigators. Kirkham’ found that cartilage remained permanently 
as eartilage for as long as ten years when used in ear reconstruction. Krehn 
and his colleagues, in studying the uptake of P,. in transplanted autogenous 
cartilage in subeutaneous tissue, found that by the tenth day the uptake was 
88 per cent of normal. This may be more a measure of the blood supply to 
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that area than a positive measure of viability. Peer and Walker’ maintain 
that the cells of cartilage will survive and maintain their normal structure 
when transplanted in contact with both like and unlike tissues. 

Definite microscopic changes occurred only in the cartilage of Animal 7. 
Whether this represents early degeneration of the cartilage cannot be stated 
definitely. At present the only reliable measures of viability are tissue respira- 
tion studies and tissue cultures. 

The surgical procedure performed on the second group of animals failed 
to fulfill the criteria of Carter and Strieder.' In two instanees, an airtight 
reconstruction was not obtained. In each animal a mucus-free postoperative 
period was not present. Whether or not this would ever occur with this pro- 
cedure is definitely open to question. Late stenosis at the anastomotic site 
did oeeur in one animal and might have occurred in other animals had the 
survival period been long enough. 


SUMMARY AND CONCLUSIONS 


Two types of operative procedures were performed on 13 dogs: 


1. In 4 animals the entire thoracic trachea was completely mobilized with- 
out gross or microscopic change. 

2. In 9 animals the entire trachea from the larynx to the carina was com- 
pletely mobilized. Following transection just below the larynx, a segment of 
thoracic trachea (1.5 to 5.5 em.) was removed and the proximal portion 


brought down and reanastomosed. The proximal end was fashioned as a 
permanent skin tracheostomy. The segment from the anastomosis to the skin 
was bloodless and thus represented an autograft. 

From this study the following facets have been observed : 

1. Extensive mobilization of the cervical and thoracic trachea plus tran- 
section at two levels resulted in partial or complete slough of the tracheal 
mucosa by the fourth day, except in one instance, This resulted in loss of 
the ciliary apparatus with retained secretions. 

2. The finding of keratinized stratified squamous epithelium in one animal 
eannot be definitely explained. 

53. Epithelium had begun to re-form by the ninth day and was complete by 
the forty-second day. 

4, In no instance was normal respiratory epithelium re-formed. 

5. Significant histologic change in the matrix of the cartilage occurred 
in one animal. The significance of these changes cannot be evaluated without 
further study. 

6. This surgical procedure does not fulfill the eriteria of Carter and 
Strieder,! and is impractical as carried out. 
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FISTULA BETWEEN AORTA AND SUPERIOR VENA CAVA 
Report oF A TRAUMATIC CASE WitH SurGICAL REPAIR 


JessE H. Merepiru, M.D.,* anp H. H. BrapsHaw, M.D. 
WINSTON-SALEM, N. C. 


RTERIOVENOUS fistulas of traumatic origin involving the aorta are rare; 
however, a few examples of arteriovenous fistulas of the arch and abdominal 
portions have been successfully treated’ in the later stages of the disease after 
cardiac failure and collateral circulation have developed. It is the purpose of 
this communication to report the early successful repair of a traumatic fistula be- 
tween the aorta and superior vena cava. No attempt is made to review the litera- 
ture on traumatic lesions of the great vessels or on arteriovenous fistulas. 


CASE SUMMARY 


One week prior to admission, a 14-year-old boy was accidentally shot in the right supra- 
clavicular region with a 0.22 caliber solid point rifle projectile at close range. He was 
immediately rendered semicomatose and was hospitalized. Studies revealed no evidence of 
massive bleeding or pneumothorax. No bruit was heard; however, three days later loud 
systolic and diastolic bruits were discovered. He was then transferred to the North Carolina 
Baptist Hospital for studies and further therapy. 

On admission to this hospital, his chief complaint was that of deep mid-substernal 
pain on inspiration. He had no weakness, pain, sensation loss, or temperature changes in 
the extremities. 

He was a well-developed, well-nourished boy in no distress, with the exception of 
shallow, painful respirations. The temperature was 98.4° F., respirations 22 per minute, 
and pulse rate 92 per minute. Blood pressure in the right arm was 130/50 mm. Hg and 
in the left arm 110/50 mm. Hg. Arterial pulses were present in the neck and extremities 
at all the expected points. No venous distention was noted. Six centimeters lateral to the 
midline, above the right clavicle, there was an obvious wound of entry. From the wound 
of entry to a point 2 em. to the left of the midline there were loud systolie and diastolic 
bruits, loudest in the midline at the level of the second interspace. No thrill was palpable. 
The heart was not demonstrably enlarged. No edema was noted in the extremities. 

The usual laboratory examinations were normal. Fluoroscopy and roentgenograms 
of the chest showed an infiltrative process extending from the inferior pole of the right 
hilum to the right lung base, and a diffuse process in the medial portion of the right upper lobe. 
A metallic foreign body projected over the cardiac silhouette and moved with the pulsations 
of the heart. Many small metallic fragments were seen in the region of the medial third 
of the clavicle. 

On the first hospital day, under general anesthesia, an arteriogram of the innominate 
and right brachial arteries was made, through a polyethylene catheter in the right brachial 
artery, with Diodrast (385 per cent). This showed no abnormality but did support, by ex- 
clusion of an extrathoracie arterial lesion, the conclusion that the lesion was intrathoracic 
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and indicated the surgical approach to be used. On the third hospital day, through a trans- 
sternal approach at the level of the third interspace, the mediastinum was explored. No 
pleural or pericardial fluid was found. During the dissection of the superior mediastinum 
some edema and small amounts of extravasated blood were encountered. The superior great 
vessels were dissected free and the pericardium opened. Palpation of the base of the heart 
revealed two distinct thrills, a stronger one in the area of approximation of the superior 
vena cava and aorta (hereafter referred to as the lateral thrill), and a weaker one in the 
area of the inferior portion of the arch and pulmonary artery (hereafter referred to as the 
posterior thrill). No thrill was palpable between these two areas. Dissection of the superior 


vena cava and aorta disclosed a 7 mm. communication between the two vessels, approximately 
4 em. above the origin of the aorta. Bleeding here was controlled by packing, following 


which the lateral thrill was absent and that in the pulmonary aortic area still present. 


Enter clavicle 
Enter vena cava (healed) 
Leave vena cava, enter aorta 
Leave aorta (posterior thrill) 
Bullet stopped 


Fig. 1.—Sketch demonstrating the pathway of the projectile. 


While the aortic vena caval communication was still packed, the area of the remaining (pos- 
terior) thrill was explored and a 1.5 em. rent in the posterior inferior aspect of the arch of the 
aorta was found, from which massive bleeding occurred. This was also packed. All thrills 
were then absent. These lateral and posterior openings were apparently wounds of entry 
and exit, respectively, in the aorta. The wound of entry into the superior vena cava had 
closed and healed. Packing was then removed from the defects in the aorta and vena 
cava to which right-angle clamps were applied and the holes were closed with continuous sutures 
of No. 5-0 arterial silk. The packed defect beneath the arch was then approached and, after 
considerable bleeding, right-angle clamps were applied from above and below and closure 


accomplished with No, 5-0 arterial silk. No thrill was palpable following these two pro- 
cedures. The hilar area was then palpated, but no real attempt was made to find the 
bullet. 


Soon after his transfer to the recovery room, the patient’s right leg and foot were 
noted to be pale, cold, and pulseless below the knee. Following recovery from anesthesia 
the objective signs in the foot continued and he had numb feeling, parenthesias, and pain 
on the use of the right leg and foot from the mid-calf distalward. Paravertebral sym- 
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pathetic blocks gave no relief. Studies in the Constant Temperature Room confirmed the 
clinical impression of ischemia and there was no response to the sympathetic blocking agents 
(Arfonad). During the latter portion of the hospitalization, these symptoms gradually 
improved and on discharge the patient walked with only slight intermittent pain on exertion 
and mild sensation of numbness, the level of whieh was receding. 

On the ninth postoperative day, a 0.5 em. area of the right parasternal portion of the 
wound opened and drained seropurulent material from which hemolytic staphylococcus, sen- 
sitive to chloramphenicol, was cultured. During the first seven postoperative days, he had 
received 400,000 units of procaine penicillin and dihydrostreptomyein 0.5 Gm., twice daily. 
He was given chloramphenicol, 250 mg., every six hours. On the fourteenth postoperative 
day a similar area developed in the left parasternal portion of the wound and drained 
similar material. On discharge from the hospital eighteen days after operation, all drainage 
had ceased and he was afebrile. 

DISCUSSION 

This case presents several interesting aspects. The lack of extensive 
bleeding in the mediastinum at the time of injury certainly made the dissee- 
tion easy. Dissection was much less difficult than is customarily found in 
similar wounds in which delay of treatment has allowed enlargement and 
organization of the hematoma to form troublesome cicatrix. The fistula was 
closed with remarkable ease when compared to the usual similar lesion of long 
standing. The posterior rent was closed with extreme difficulty and only after 
much effort and bleeding. This was not due to reaction or hematoma but to the 
location and nature of the opening itself. The postoperative occlusive phe- 


nomena of the right leg was probably due to an embolus either of old blood elot 
dislodged from the aorta or a fresh clot formed and dislodged during surgery. 


SUMMARY 


A ease of traumatic arteriovenous fistula of the aorta and superior vena cava 
with an early suecessful surgical repair is presented. Transient ischemia (prob- 
ably from embolism) of the right lower extremity, and drainage from the 
mediastinum (easily controlled with antibiotics) occurred in the immediate 
postoperative period. As in the treatment of other traumatic lesions of large 
vessels, early repair of arteriovenous fistulas is advocated. 
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Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 
The Thirty-eighth Annual Meeting of the American Association for 
Thoracie Surgery will be held May 16, 17, and 18, 1958, in Boston, Massa- 
chusetts. Headquarters will be at the Hotel Statler. 


Requests for Hotel Reservations 
These should be mailed directly to Mr. F. Whitehouse, Front Offiee Man- 
ager, Hotel Statler, Park Square, Boston, Massachusetts. Please mention this 
Association, the type of accommodation desired, the date, and approximate 
hour of arrival and departure. If accommodations are desired elsewhere in 
3oston, please communicate directly with the hotel of your choice. 


Thoracic Surgery Forum 

The Thoracie Surgery Forum will be continued as a special session at the 
1958 meeting. The Forum is primarily for the presentation of short papers 
on current thoracic research, experimental problems, anatomical studies, and 
modified or new surgical techniques. The inelusion of any considerable 
amount of clinieal material in these reports makes them unsuited for this ses- 
sion. 

Papers at this session will be limited to ten minutes, including the show- 
ing of lantern slides or other illustrative material. At the diseretion of the 
President, three minutes may be allowed as the maximum discussion for each 
paper. 

All Thoracic Surgery Forum papers will be published together in one 
issue of the JouRNAL. Maximum length: 3,000 words without illustrations. If 
illustrated, an appropriate number of words must be subtracted for each cut 
used. 

Abstracts of Papers 

Abstracts of all papers for presentation at the 1958 meeting must be re- 
ceived on or before Dee. 15, 1957, otherwise they will not be considered by 
the Program Committee. 

Abstracts should be labeled “For Thoracie Surgery Forum,” or “For Reg- 
ular Program.” They should contain from 200 to 250 words and accurately 
reflect the content of the completed paper. 
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Six, repeat, six clearly legible copies of each abstract must be sent to Miss 
Ada Hanvey, Administrative Assistant, The American Association for Thoracic 
Surgery, 600 South Kingshighway, St. Louis 10, Missouri. 

Essayists selected for the program are reminded that papers presented at 
the meeting must be handed to the secretary immediately after their presenta- 
tion. If they are not ready at that time there is a chance that they will not be 
published in THE JoURNAL OF THORACIC SURGERY. 


Motion Picture Session 


Provisions have been made to show a limited number of motion pictures 
to be selected on a competitive basis. The films themselves, together with 
deseriptive material concerning length of presentation, ete., must be received 
by Dr. Karl P. Klassen, The Ohio State University, Columbus 10, Ohio, before 
Dee. 15, 1957. 

It is planned to run the motion pictures in a smaller room at the same time 
as the scientifie sessions. If the films are well labeled, it will not be necessary 
for the author to be present for comment. 


Applications for Membership 


Applications for Associate Membership in the Association must be re- 
ceived by the Membership Committee not later than Dee. 15, 1957, otherwise 
the application will be deferred for consideration until the 1959 meeting. 


Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signatures on the application form, the 
sponsors will forward a separate letter concerning the applicant directly to: 


Dr. Duane Carr 

Chairman of the Membership Committee 
899 Madison Avenue 

Memphis, Tennessee 


Sponsors are reminded that new letters of recommendation must be for- 
warded to the Membership Committee should their applicants be held over for 
reconsideration a second year. The new letters of recommendation should 
also be sent to Dr. Carr, the Chairman of the Membership Committee. 





